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THE HYDROGEN ION CONCENTRATION OF THE 
CONTENTS OF THE SMALL INTESTINE. 


By J. F. McCLENDON, A. SHEDLOYV, ann BEN KARPMAN. 
From the Physiological Laboratory of the University of Vinne sota Medical 
School, Vine eapolis. 


Received for publication, February 19, 1918.) 


Although the prevailing idea is that the reaction of the small 
intestine is alkaline (Auerbach and Pick), it was shown by the 
senior author that the duodenal content of infants is distinctly 
acid (pH = 3.1), and by McClendon, Shedlov, and Thomson 
that the content of the ileum of pups, whether fed on milk or 
on solid food, is slightly acid (pH = 5.7 to 6.34), and that the 
duodenum of the adult dog has a similar hydrogen ion concen- 
tration. In the present paper we describe the determinations 
showing that the small intestine of the dog: is slightly acid 
throughout its entire length. 

Owing to the very rapid absorption from the dog’s intestine it is 
sometimes difficult to get fluid out of the lower parts without the 
administration of some laxative, and in the following experiments 
magnesium sulfate was sometimes given, as indicated in the table 
below. The dogs were fed on a mixed diet of cooked food, and the 
abdominal cavity was opened under ether anesthesia, and samples 
of the intestinal contents were drawn directly into hydrogen elec- 
trodes, described by MeClendon and Magoon, through punctures 
in the intestinal wall. The hydrogen ion concentration was de- 
termined with the aid of a Leeds and Northrup potentiometer and 
galvanometer. In the following table the dogs were numbered 
in the order received (first column), the number of hours after 
feeding at which the samples were taken is indicated in the second 
column, and the pH(= —log H,) in the third column. Under 
“Remarks” is given the part of the intestine from which the 
sample was taken, and magnesium sulfate is indicated in case it 


was administered. 
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2 Hydrogen Ion Concentration 


Dog No Hour. pH Remarks 


fo 6.3 First part of ileum 
] 24 » © ‘6 ‘6 < : 
0.5 duplicate 
; jan 5 6 ee La) ce 
2 O35 as ‘ 
oO.¢é Middle = 
5 ‘{ “cc “ “<é “ MeS¢ Ys. 
} 4 om &“ 
».6 : 
44 6.4 First 
. 6.6 Last 


The pH of the stomach was determined in one case during the 
2arly part of digestion and found to be 3.55, but this must decrease 
during digestion since the pH of the gastric juice is about 1. 
Boldyreff has shown that the pancreatic juice is chiefly instru- 
mental in neutralizing the gastric juice, and, according to Foa, 
dog’s bile is slightly acid. If we grant that there is more than 
enough sodium bicarbonate in the pancreatic juice to neutralize 
the gastric juice, the reaction of the small intestine would prob- 
ably be acid due to the liberation of CO, by the gastric juice, 
the presence of aeid albuminate, and the formation of amino-acids. 
This acidity would be increased if acid-forming bacteria were pres- 
ent. Since Bulgarian bacilli and other acid-forming bacteria are 
administered in order to prevent abnormal intestinal fermenta- 
tion, it seems probable that these maintain a distinetly acid re- 
action in the intestine. Michaelis and Clark and Lubs have shown 
that bacterial inhibition occurs at about pH 5. There seems to be 
some uncertainty, however, as to the general application of the 
conclusions of Michaelis. 

Although it is often stated that an alkaline reaction is necessary 
for pancreatic proteolysis, this seems to be improbable. At any 
rate, intestinal digestion appears to proceed rapidly in the dog. 
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THE PLACENTAL TRANSMISSION OF CREATININE 
AND CREATINE. 


By ANDREW HUNTER anno WALTER R. CAMPBELL 
From the Depariment of Pathological Chemistry, ¢ ( ly of To 


Received for publication, February 8, 1918. 


Some time ago, in a preliminary communication! dealing with 


various aspects of the distribution of creatinine and creatine in 


blood, we reported that the concentration of each of these st 


stances Was nearly the same, at parturition, in the plac ntal as 


in the maternal plasma; and we concluded that there takes place 


between the mother and the fetus a ready interchange of both. 


If we have hesitated hitherto to publish any fuller aecount of these 
observations, it is chiefly because of the necessity ul ler which 


we found ourselves of first testing rather thoroughly the validity 


of the analytical methods used.2 In the meantime our 1 


have been confirmed by the independent observations of Plass, 


Hunter, A., and Campbell, W. R., J. Biol. Chem., 1917, xxi 
The work upon the placental transmission of creatinine and creatine f 
which this communication contained of course no more than an abstract, 
constituted in our original intention one part only of an extended program 
then already under way, for the study of placental interchange in general 


Until we first made it public we were not aware that an investig 


ition of 
similar scope had been for some time in progress in another laboratory 
and that results concerning the placental transmission of total non-protein 
nitrogen and urea had already been reported by Slemons and Morriss. 
When these circumstances were brought to our notice we felt bound to re- 
strict ourselves, in the further prosecution of our plan, to the cases of 
creatinine and creatine, to which Slemons and his coworkers had not yet 


turned their attention. We are indebted to Dr. Slemons for the ready 
courtesy with which he left free to us this corner of the field in which 
he was engaged. It may be remarked here that such unpublished data as 
we had collected upon other constituents of the blood are in complete 
harmony with the reported conclusions of the Yale laboratory. 
? Hunter and Campbell, J. Biol. Chem., 1917, xxxii, 195. 
Plass, E. D., Bull. Johns Hopkins Hosp., 1917, xxviii, 137 
‘ Plass, Bull. Johns Hopkins Hosp., 1917, xxviii, 297. 


0 











6 Creatinine and Creatine 


For this reason we have deemed it unnecessary, since completing 
our critical study of the methods, to supplement our original data 
by more than a few additional determinations. The point of 
view from which we approached the subject has been briefly 
indicated in previous communications.!” It is identical, more- 
over, with that taken, in reference to the general problem of placen- 
tal exchange, by Plass and by Slemons and Morriss.® As these 
authors have discussed it with sufficient fullness and with ample 
reference to the earlier literature, any further elaboration of it 
here would he superfluous, The main object of the present paper 
is simply to record in detail the analy tical results we have collected, 
and to consider, in the light of our lately formed estimate of their 
reliability, how far they justify our original conclusion. 


Subjects and Methods. 


The cases selected were full term deliveries,’ complicated in two 
instances only (Nos. 16 and 18) by the application of forceps. 
The only abnormality noted in the course of pregnancy was a 
mild albuminuria in Case 8. In three cases (Nos. 9, 10, and 18) 
labor was assisted by the administration of pituitrin. In all, 
light chloroform-ether anesthesia was induced at the close of the 
second stage. As soon as the umbilical cord was cut, a sample of 
blood was taken from the free outflow of its placental end, and 
as nearly as possible at the same time a specimen was secured 
from the arm vein of the mother. Coagulation was prevented in 
each case by the addition of about one-fiftieth volume of 20 per 
cent potassium oxalate. Upon each sample, as secured, we de- 
termined the creatinine and creatine of whole blood and plasma, 
as well as, with the object of calculating the corpuscular concen- 
tration of these substances, the relative plasma volume. The 
details of technique adopted were those described in a former 


5 Hunter and Campbell, J. Biol. Chem., 1918, xxxiii, 169. 

6 Slemons, J. M., and Morriss, W. H., Bull. Johns Hopkins Hosp., 1916, 
XXvVil, 343. 

7 All were inmates of the obstetrical wards of the Toronto General Hos- 
pital. For permission to utilize them in this study we are indebted to 
Doctors B. P. Watson and K. C. MeIlwraith, whose courtesy we wish to 
acknowledge. 
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paper.’ Except in Cases 1 and 4 the blood was laked before the 
addition of nicric acid. 

Results. 


The results are recorded in the accompanying table. This 
does not reproduce any selected group, but includes every anal- 


ysis made in this particular series. The order of arrangement 


Du Creatir per oo . tir 

labor sO eo par B00 ex Relative 

plasma 

’ V um 

: 3 | Whole | Plasma. | | 

$| 3 a Z = § | M*)I Mj! M I M | I M I 
yrs hrs.| hrs.| mg.| mg.| mg. | mg.| mg.| mg.| mg.| Per | Per 
1S. G. | 37) XIV| 7 | 1 11.1/1.5)0.74'0.87|6.2 | 5.7 |1.8 |1.8 61 71 
2);A. D.| 23) III | 33) 4/1.1)1.4'0.75/0.88'8.8 |10.5 |1.3 |1.9 62 19 
aF.A.| 2 IT | 23) 3)2.83.4:0.82,0.96)5.5 | 7.9 |1.9 |2.1 62 42 
tc. 8. | II | 8 | 13)1.41.9|0.87/0.756.2 | 6.4 {1.3 |1.8 73 69 
5iF. G.} 23 I }193) 23/2.3)3.5)0.89)1.1417.7 | 6.9 |2.3 |2.4 62 17 
61. M.| 21 I | 93 22/2.1/2.3'0.92'0.89'8.6 | 9.4/1.6 12.5) 65] 53 
7iA. 8S. | 26) IV |133 1.83.30.920.898.8 | 8.6 |2.3 2.3 65 52 
8M. B.| 25) III |38 4/2.1)/2.0/0.97/1.2115.8 {11.0 |1.4 |1.9 5A 17 
9 E. H.| 29 II | 92) $/2.313.8)1.00)1.168.2 | 8.3 |2.0 |2.3 61 56 
1OA. C.| 25 I 1513) 2)1.9'3.0)1.02)1.65)7.7 | 7.7 13.9 |3.4 9 15 
11)M. O.| 28 I }13}} ? |2.513.0)1.02)1.02)8.8 |11.3 |1.7 |2.3 69 19 
inn. 2.) [| 74 3)2.4:2.311.16'0.80)5.6 | 7.5 |3.1 12.5 58 62 
iI3Z/V.S. | 18 I |23 | 23:4.02.41.2611.4012.8 | 5.6 |1.3 |1.7 58 59 
144E. A.| 22 I {11 | 22'2.2'2.7/1.37)1.629.3 |10.5 [5.3 |2.3 57 5 
I5JE. T.| 19 LT) 2%) 1 |3.2)3.5)1.51)1.30/2.6 | 4.2 10.9 |1.4 58 | 57 
16M. F.!| 21 [I (23 {11 |3.1/2.9)1.59)1.59)7.9 |13.7 |2.2 |2.0 56 19 

17;|M. M.) ? j P| ? 12.513.0)1.77|1.71 
18,B. H.| 20 I |373) 2} 2.20,1.95 -11.3/1.8| 68) 54 
Average 2.3)2.7:1.15}1.2116.9 | 8.5 |2.092.14 62 53 
- corrected.... 3.45 4.25:0.52:'0.54 


*M = Maternal. tF = Fetal. 


* They are taken, for the most part, from a thesis submitted by Walter 
R. Campbell, in partial fulfillment of the requirements for the degree of 
M.D., University of Toronto, 1917. 


——$———$$ $y, 











8 Creatinine and Creatine 


within the table is determined by the plasma creatinine of the 
maternal blood. The corrections introduced in the averages are 
made on the basis of considerations developed in earlier com- 
munications.?° 


DISCUSSION, 


Place ntal Transmission of Creatinine 


lor reasons that are obvious, and upon which others as well as 
ourselves have already sufficiently insisted,*° it is the plasma 
concentrations alone which have a direct bearing upon the prob- 
lem of placental exchange. It is therefore fortunate that, although 
with whole blood the colorimetric method of creatinine determina- 
tion is subject to a considerable and variable error, one may 
accept as substantially correct the results of its application to 
plasma. \ study ef such results, as they are recorded in the 
ninth and tenth columns of the table, reveals a general correspond- 
ence between the concentration of creatinine in the maternal 
and that in the fetal plasma. This correspondence is just as 
close at the upper end of the range illustrated as at the lower. In 
five instances out of the total eighteen it amounts to absolute or 
practical identity. In twelve the difference existing, if not 
negligible, is relatively unimportant. One case only (No. 10 


exhibits a really conspicuous divergence. The averages for the 


series fallclosely together, and but for the inclusion of the aberrant, 
and not impossibly erroneous, values of Case 10, they would have 
been clos r still. There can be litt] ’ doubt, th refore, that the 
structures which separate the fetal and maternal plasmas are 
freely permeable to creatinine, and that the passage of that 
substanc from one circulation to the other is regulated by the 
ordinary laws of diffusion. Our earlier report is fully substantiated 
in this 1 spect. 


Whether our figures will bear any closer analysis may well be 


’ Wilson, D. W., and Plass, EF. D., J. Biol. Chem., 1917, xxix, 413. 

It was a very prolonged dry labor during which pituitrin was ad- 
ministered. The possibility is suggested that these conditions led to some 
obstruction of the fetal circulation, and consequent accumulation of creat- 
inine in the fetal blood; but it is equally likely that we are dealing with an 
accidental error of analysis. The amount of material unfortunately was 


too small to permit a duplicate determination. 
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doubted. We are tempted, nevertheless, to remark upon the 
fact that whereas there are only four cases (Nos. 4, 12, 15, and 18 
in which the maternal concentration is distinctly higher than the 
fetal, there are as many as nine in which the reverse is the case. 
This may be no more than an accident, and yet it is conceivably 
of real significance. Creatinine is an excretory product of which 
the final disposition, even for the fetal moiety, is escape through 
the maternal kidney. While therefore any sudden accumulation 


within the maternal organism might temporarily favor its trans- 
ference from mother to fetus, the main current of its diffusion must 
set in the opposite direction. It would therefore be not at all 
surprising if there existed, as seems at least to be indicated in our 
data, a preponderating tendency towards the establishment of a 
concentration gradient falling from fetus to mother. We hesitate 
to appeal, in further support of this conception, to the slight 
excess in favor of the fetal plasma which is presented in ow 
averages; for that depends mainly, as we have stated, upon the 
doubtful result of Case 10. We may, however, point out that 
a reversal of the theoretically normal gradient does really appear 
to be associated as a rule with an unusual accumulation in the 
mother; for of the four cases which exemplify that condition on 
only has a maternal creatinine lower than 1.16, and 1.16, accord- 
ing to data already published,’ is at the upper limit of normality 


for the closing weeks of pregnancy."! 
Creatinine of Maternal and Fetal Whole Bloo 


It has been made probable®* that the true creatinine content 


of whole blood is practically the same as that of its plasma. What 
has been said in the preceding paragraphs of the latter is there- 


fore applicable at once to the former, and it is hardly necessary 


to make separate reference to the figures for whole blood vield d 
by direct analysis. To the extent to which these differ from the 


figures for plasma they are, we believe, in error. It may be 


Some evidence that these relations are not merely the result of chance 
is afforded by a scrutiny of the results of Plass.2 Among the fourteen 
results for plasma creatinine which he reports (Tables III and IV) there are 
five which show a slight excess (of 0.05 or more) on the fetal side, as against 
three exhibiting the reverse condition; and in each of the latter the mater- 
nal creatinine is greater than 1.2. 
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remarked that, if this is granted, the results as found (columns 
seven and eight) not only give additional force to our suspicion 
that the error is especially conspicuous in the blood of pregnant 
women? but suggest that in fetal blood, perhaps because of its 
high content of corpuscles, it is even more so. Many of the 
observed results for whole blood would, taken by themselves, 
indicate an accumulation of creatinine, which the corresponding 
result for plasma shows to be wholly imaginary. Due caution 
therefore is to be exercised in interpreting the data of whole blood 
creatinine determinations in pregnant women or new-born infants. 


Tnflue nee of Parturit on upon the (C'reatinine Concentration of the 
Blood. 


During pregnancy the concentration of creatinine in the 
maternal plasma (or blood) does not normally exceed 1.2 mg. 
per 100 cc. This limit, it may now be noticed, is passed in one- 
third of all determinations made at the end of the second stage of 


labor. The maximum here attained (2.2 mg.) is_ practically 
double that of the antepartum period; and whereas the average 
of ten results secured during pregnancy was only 0.92,° that of 
the present series is 1.15. The six cases (Nos. 13 to 18) responsible 
for these differences were, as much as the others, clinically normal 
individuals. The high concentration of creatinine which they 
showed appears therefore to have been a physiological phenomenon. 
Its acceptance as such would imply that a temporary accumula- 
tion of creatinine in the blood is a normal, if perhaps not invariable, 
consequence of the act of parturition. Of course, before such a 
conclusion could be taken as safely established, it would be 
necessary to show, by repeated determinations upon individuals, 
that the creatinine concentration during labor is actually higher 
than that of the periods immediately before and after. System- 
atic observations capable of affording such a demonstration have 
not yet been undertaken, but the few pertinent data in our posses- 
sion do indicate precisely the effect postulated. In Cases 9, 13, 
and 15 the creatinine of the plasma was determined not only at 
parturition but also on the 9th to 11th day of the puerperium. 
In each instance its concentration was found to have fallen; for 
the first from 1.00 to 0.87, for the second from 1.26 to 0.70, and 
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for the third from 1.51 to 0.91. The observation on Case 9 
suggests that even those figures of the table which fall within the 
normal range may represent a rise above the subject’s ordinary 
level. 

The extent of the rise in individual cases does not, as far as our 
limited data enable us to judge, in any way depend upon the age 
of the subject, the duration and character of the anesthesia, or the 
length of the labor. « The only variable with which it appears to 
possess some regularity of relation is the number of previous 
confinements. Those cases which showed an unusual conecentra- 
tion of creatinine were all (with the possible exception of Case 17 
in their first labor. Not only so, but among all the subjects 
examined there are only two primiparas out of ten (possibly eleven 
who show less than 1.0 mg. per 100 ce., while of the seven multi- 
paras not one has more. The cases are too few in number to 


support a generalization upon the point; but their tabulation ma 


“<< 


be admitted at least to suggest that the influence of labor upon the 
blood creatinine is greatest among primiparas. 

The increased concentration at parturition, which our data 
suggest as normal for creatinine, is apparently not shared by 
many of the other non-protein nitrogenous constituents of the 
blood; for Slemons and Morriss® have shown that the total non- 
l 
limits, while Morse’ observed no change during labor in the eon- 


centration of the amino-acids. Urie acid, on the other hand, pre- 


protein nitrogen and-specifically the urea “emain within norma 


sents striking analogies of behavior with creatinine. For, although 
Slemons and Bogert'® found its coneentration in the majority of 
uncomplicated cases normal, they demonstrated in several in- 
stances a definite increase consequent upon labor, and observed 
the occasional occurrence in primiparas, although not in multi- 
paras, of values abnormally high. It is of interest that the blood 
sugar also, according to Morriss, although normal during preg- 
naney and the puerperium, rises at parturition just as we believe the 
creatinine to do. Three then of the blood constituents show, 
either regularly or occasionally, an increase of concentration 

2 Morse, A., Bull. Johns Hopkins Hosp., 1917, xxviii, 199. 

'3 Slemons, J. M., and Bogert, L. J., J. Biol. Chem., 1917, xxxii, 63. See 


also Kingsbury, F. B., and Sedgwick, J. P., ibid., 1917, xxxi, 261. 
14 Morriss, W. H., Bull. Johns Hopkins Hosp., 1917, xxviii, 140. 
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during labor. It is perhaps worthy of note, that each of these 
three is believed to be connected. in one way or another, with 
muscular work. Morriss, accordingly, attributes the behavior 
of blood sugar during labor directly to the voluntary efforts of 
the mother during the second stage; and Slemons and Bogert 
incline to bring the concentration of uric acid also into relation 
with the duration and severity of the labor. Between this factor 
and the creatinine content of the blood we have been unable 
in our short series of cases to discover any apparent connection. 
If it exists, it has been obseured by othe mtercurrent effects. 
In the ease therefore of creatinine the immediate cause of 

increased eoneentration at parturition must remain a matter ol 


speculation. 


P Sn 7 > R , f¢ / 
1” } j } + rr} tir ] } } | + 
The unmodified olin method for creatine, whether applied to 
a a , , , , 1. 
whole blood or to plasma, is afleeted, as we have tound DV a 


large and, for the single determination, inealeulable error. This 


may render doubtful the significance of data for creatine in in- 


dividual cases, but does not seriously affect the valu is a basis 
for comparison, of the averages for a reasonably large series like 
the present 

Phe plasma averages, which alone are of immediate significance 


for our central problem. are in mother and fetus almost identical. 


Between individual results, whether these lie above or below the 


general average, there is noticeable a correspondence, which is 
{ 1 j } 

oiten neartyv, or even quite, as exact: whil oO: a reall CONSPICUOUS 
lack of agreement there are not more than one or two instances. 


\s regards the creatine of plasma, therefore, our original report,' 
confirmed as it has been by the observations of Plass requires 
no modification. We infer accordingly that the plac ‘ntal trans- 
mission of creatine, like that of creatinine, is a process of simple 
diffusion through structures equally permeable in either direction. 
It may be noted as not inconsistent with this view that, as far as 
there appears to exist any tendency at all to the establishment of 
a systematic difference of concentration, it operates again, as 


with creatinine, in favor of a slightly higher level in the fetal 


plasma. 
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Absolute Creatine Conte nt of the Plasma at Parturition. 


The conclusion reached is independent of the absolute accuracy 
of the creatine figures, the argument assuming only that, as is 
probable, the average error in maternal and fetal plasma is the 
same. The extent of that error we have estimated? as such that 
the true average for plasma is roughly one-fourth of the average 
found. The averages of the present series, corrected accordingly ’ 
become 0.52 and 0.54. If these values are added to those for 
creatinine, we find that the “total’’ creatinine of our cases averaged 
1.67 for the mother, and 1.75 for the child. It must be rather 
more than a coincidence that Plass,* utilizing an improved method 
of analysis,** found the average ‘‘total” creatinine of twelve 
specimens of maternal and fetal plasma to be respectively 1.70 
and 1.73. As the preformed creatinine of these particular speci- 
mens was not determined, we are left in ignorance of their content 
of actual creatine; but for an earlier series of nine cases Plass 
has given figures indicating an average creatine of 0.76 for mater- 
nal and 0.86 for fetal plasma. These are estimates which are 
probably at least a little Too high, and which in any case are but 
slightly in excess of our own. Considering that the latter can be 
offered as approximations only, their substantial agreement with 
the independent observations quoted is extremely gratifying. 

We have shown elsewhere® that the (corrected) plasma creating 
of normal individuals with creatine-free urine does not exceed, 
on the average, 0.41 mg. per 100 ec.'® Average values higher 
than that are yielded only by groups of individuals exereting 
creatine. The value 0.52, found for the mothers of the present 
series, is practically identical with that vielded by the twenty 
eases of creatinuria which we previously encountered among 
forty-six healthy subjects. We made no actual determinations 


of urinary creatine in the cases now reported, but, in view of the 


's They were reached by the use of the original method of Folin. The 
experience of Wilson and Plass’ with this method as applied to the deter- 
mination of creatine in plasma has been less unfavorable than our own; 
for they found it to yield results not very much higher than those of their 
improved procedure. 

Actually it may, as Wilson and Plass’ maintain, be a zero quantity; 


we are dealing here with approximations only. 
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regular occurrence of creatinuria during pregnancy,'’ it may be | 
assumed to have been present in practically every one. The 
results upon parturient women, none of which were utilized in 
our previous paper, may therefore be taken as additional evidence 
for the tentative views therein expressed upon the relation of 


creatinuria to the concentration of creatine in the plasma 
( reatine of i hole Blood and of ( or puscle S vl Mothe ai | ia tus 


The whole blood results for creatine, individually considered, 
are very irregular, but permit this generalization at least, that in 
a decided majority of instances the fetal blood contains a higher 
concentration of creatine than the maternal. There are a few 
cases of approximate equality, but only one (No. 5) where the 
fetal concentration is unequivocally the lower. The impression 
thus created takes definite form, with something at least of quanti- 
tative meaning, in the corrected averages.'® According to these 
the maternal blood at parturition, with 3.45 mg. per 100 ce., 
shows practically the same concentration of creatine as that of a 
group of pregnant women, recently reported to contain 3.50 
mg.° The blood of the fetus contains distinctly (about 23 per 
cent) more, reaching an average (4.25) higher than we have 
encountered in any other group of bloods. Since the plasma 
concentrations are practically identical, this might at first be 
supposed to indicate that the fetal corpuscles possess a greate! 
accumulation of creatine than the maternal. This is not really 
the case. If from the average data for relative plasma volume 
whole blood creatine and creatine of plasma, one calculates the 
creatine content of the corpuscles, it is found to be 8.2 
100 ce. for the mother, and 8.4 for the fetus. Apparently then 


Ing. pel | 


the superior richness in creatine of the fetal blood is due entirely 
to the relative polycythemia which it almost invariably presents; 
and the approximate equality of fetal and maternal concentrations, 
already established for the plasma, is seen to extend also to the ‘ 
corpuscles. 
The corpuscular creatine of various groups of normal men and 
Krause, R. A., and Cramer, W J. Physiol., 1910, xl, p. xi. Krause, 
R. A., Quart. J. Physiol., 1911, iv, 293 ] 
'§ The corrected average for whole blood is reached by halving the aver- : 
ge round 
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non-pregnant women we have estimated at from 6.1 to 7.0 mg. 
per 100 cc.6 The value now reached for parturient women is 
decidedly higher, and approximates rather that (9.1) found from 
1 to 19 days antepartum in a smaller group of pregnant women. 
Our results suggest therefore that in the later stages of pregnancy 
there takes place a special accumulation of creatine in the red 
blood corpuscles. In this respect, as in so many others, they are 
in harmony with those of Plass.‘. The harmony extends even to 
certain quantitative details. We have calculated that in the ten 
cases reported by Plass the average “‘total’’ creatinine content of 
the corpuscles is 10.83 and 10.49 for mother and fetus respectively ; 
the corresponding figures in our own cases (putting the true cor- 
puscular as equal to the observed plasma creatinine) are 9.35 and 
9.61. The differences are comparatively trivial, and the two esti- 
mates may be regarded as mutually confirmatory. 


SUMMARY. 


The concentrations of creatinine and creatine in the maternal 
plasma differ little, if at all, from those of the same substances in 
the fetal. In either case the average concentrations in these 
respective situations become, in a sufficiently large series, practic- 
ally identical. If there is any perceptible tendency to a system- 
atic difference, it is in the direction of a slightly higher concentra- 
tion in the fetus. It is probable, therefore, that the placental 
transmission of creatinine and creatine is a simple process of 
diffusion. 

Parturition is accompanied normally, although perhaps not 
invariably, by a temporary rise in blood creatinine. ‘This effect 
appears to be illustrated most strikingly among primiparas. 

The creatine content of the plasma at parturition correspends 
with that found normally in association with creatinuria. 

The concentration of creatine in the whole blood is generally 
greater in the fetus than in the mother; but the concentration in 
the corpuscles, as in the plasma, is practically the same in both. 

The concentration of creatine in the corpuscles of parturient 
women ts greater than in those of non-pregnant women or of men. 
It would appear that pregnancy is accompanied by a special 


accumulation of creatine in the corpuscles. 
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In the first paper’ of this series we showed that beef skeletal 


muscle furnishes protein entirely adequate for the needs of grow- 
ing albino rats. This tissue, however, was found to contain a 
far smaller proportion of the water-soluble vitamine than occurs 
in the liver tissue of the pig or such now familiar tested sources 
of this essential dietary constituent as yeast, corn germ, wheat 
embrvo, or ‘protein-free milk.”’ Reference was also made to 
Kddy’s demonstration of the presence of the water-soluble vita- 
mine in pancreatic tissue. When dried beef muscle formed he 
sole source of protein and water-soluble vitamine in the diet we 
observed that our animals did not grow for any considerable 
period, in fact they all soon declined unless some addendum of 
water-soluble vitamine from another source was supplied (se¢ 
first paper, Chart I 

It was surprising, therefore, to discover the remarkably satis- 
factory growth of rats on a diet in which another closely related 
muscular tissue—pig’s heart—furnished the sole source of protein, 


} 


water-soluble, and in some eases fat-soluble, vitamine in the food. 


Che heart tissue WAS prepare | hy grinding fresh he irts from wl ich the 
larger veins and arteries, fat, and connective tissue had been carefully re- 
moved The finely comminute | ( irdi ic muscle vy then spre id on pans, 
dried in a current of hot air, and ground to a fine powder 


* The expenses of this investigation were shared by the Connecticut 
\gricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C 

Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxii, 309 
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The food mixtures consisted of: 


Pig’s heart tissue, dried 
Salt mixture? 

Starch 

Butter fat 

Lard 


The outcome of these feeding experiments Is represented graphic- 
ally in Chart I where it will be noted that those animals receiving 
butter fat in place of part of the lard grew the more vigorously. 

Kidney tissue from the pig, likewise, has sufficed as the sole 
source of protein and vitamines, as is exemplified in Chart IT, 
with animals receiving a diet of the following composition: 

Pig’s kydneys, dried 22 
Salt mixture? 1 
Starch 51 
Lard 25 

The desiccated kidney tissue was prepared by finely comminuting the 

fresh kidneys which had been freed from capsules and connective tissue), 


drying them in a current of hot air, and grinding to a fine powder 
The presence Ol th Vitamines in this tissue h: 


indicated elsewhere. 
With brain tissue from the pig <e ] erowth has heel 


tained in the two rats for which the curves of growth are 
ed in Chart III. Here the br: | 


protein and water-soluble vitamin 


cCOMposition 


Pig's brains, dried 


Salt mixture 


) () 

9.0 
The brain was prepared by comminuting the fresh brains (previously 
freed from membranes and blood vessels), drying them in a current of hot 


air, and grinding the residue. Only the cerebrum was used. 


Che salt mixture used is deseribed in J. Biol. Chem., 1917, xxxii, 317 
McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xx, 641: xxi 
179. MeCollum, E. V., and Simmonds, N ne LOLS, xxxiii, 55. 
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These dietary tests furnish excellent evidence of the “complete” 
quality of the proteins present in the brain as an organ. 

The animals (ef. Chart V of the previous paper) showing the 
high efficiency of dried pig liver as the source of both protein and 
water-soluble vitamine for nutrition during growth have since 
rapidly reached adult size. In some cases this has occurred with- 
out the addition of any source of fat-soluble vitamine other than 
that contained in the tissue itself. 

The presence of the fat-soluble vitamine in the liver tissue of the 
pig has been further confirmed by the use of the liver o/l whereby 
the nutritive decline has been averted and the pathological mani- 
festations which are the characteristic outcome of feeding a diet 
devoid of the fat-soluble vitamines have been cured. 


This product was prepared by thoroughly extracting the finely ground 
dried liver with commercial ether about 15 times, using a fresh supply 
of ether each time. The ether was removed from the extract, and the res- 
idue, which was dark colored and tar-like in consistency, was dried over 


sulfuric acid in a vacuum desiccator. 


Thi results of the administration of this liver oil are shown 1n 
Chart IV. At the point indicated by an arrow in the chart Rat 


1503 began to manifest the eye disease which we first pointed out 


several vears agot and which has since been repeatedly deseribed 


by others, both in the case of growing children and experimental 


animals. Complete relief followed within a few days after the 


administration of the liver oil. The outcome corresponds with 


the effect which we described some time ago as characteristic of 
the comparable use of cod liver oil.° 

It is worthy of note that these results, which demonstrate thi 
unlike value of different animal tissues as sources of the water- 
soluble vitamine, closely parallel the findings of Cooper® with 
respect to the effectiveness of different tissues in postponing the 
development of polyneuritis in pigeons fed on a diet of polished 
rice. He found that the liver, cardiac muscle, and cerebrum of the 
ox were much more efficient in preventing the onset of this disease 
than was the ox voluntary muscle. 

‘Osborne and Mendel, J. Biol. Chem., 1913-14, xvi, 431 


Osborne and Mendel, J. Biol. Chem., 1914, xvii, 401 
Cooper, E. A., J. Hyg., 1912. xii, 436; 1914. xiv, 12 
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The effect of varying the proportions of liver when used as 
the sole source of water-soluble vitamine in an otherwise ade- 
quate diet is strikingly shown in the growth curves exhibited in 
Chart V. The ‘‘basal’ food mixture in these cases consisted of 
protein in the form of either casein or washed meat residue, a 
salt mixture, starch, butter fat, and lard, the supplementary 
desiccated tissues being used to replace part of the protein and 
starch. Whenever the diet contained 10 per cent of the liver 


tissue good growth always ensued. This was never the case 


T 


when the proportion of liver tissue was reduced to 5 per cent; 


and rarely with 7 per cent. 10 per cent of desiccated cerebrum 
was inadequate. 

Our experiments also demonstrate that the vitamines with 
which we were concerned are not destroved by heat; for all of 
these preparations were subjected to a temperature of about 90 


for several hours in the process of drying. 














CHARTS. ° 
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GROWTH ON FOODS CONTAINING HEART TISSUE 
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Cuart l. Showing the growth of rats on diets containing desiccated 

le of the pig as the sole source of protein and water-soluble 

mine The records of those animals which received additional fat- 
soluble vitamine in the form of butter fat are designated B The com- 


position of the foods is given in the text. 
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GROWTH ON FOOD CONTAINING 
KIDNEY TISSUE 
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Cuart Il. Showing excellent growth of rats on a diet containing 


desiccated kidney tissue of the pig as the sole source of proteins and vita- 


mines. 


The composition of the food is given in the text 
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GROWTH ON FOOD CONTAINING BRAIN TISSUE 
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Cuart II] Showing excellent growth of rats on a diet containing 
desiccated brain tissue of the pig as the sole source of protein and water- 


soluble vitamine The composition of the food is given in the text. 
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R HART FV. Showing the effect of liver oil in promoting the recovery 
of rats that had begun to decline in body weight on diets containing fat In 
the form of lard and accordingly deficient in thefat-soluble vitamine. The 
period of administration of liver oil is shown by a dotted line (------ 

At the period indicated by the arrow, Rat 4503 manifested pronounced 
svmptoms of eve disease which promptly disappeared after the use of the 


liver oil. The diet consisted of: 
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CHart \ Showing the 
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sources of the water-soluble vitamine supplementing an otherwise 


food mixture 


comparative effect 


iver tissue is uniformly striking 
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INTRODUCTION, 


Kmil Fischer’ found that glycine and alanine crystallized from 
water in plates which gave little or no acid chloride when treated 
with acetyl chloride and phosphorus pentachloride. Crystallized 
from water after the addition of alcohol, needles were formed 
which yielded over 50 per cent of the calculated quantity of acid 
chloride when treated similarly. No explanation was suggested 


for the difference in action or the isomerism of the two forms. 


Vethod of Pre paral on, 


; 


The needle form may be prepared by dissolving the glycine in a 
small quantity of water, heating, and then adding three to 
times the volume of hot 95 per cent ethyl alcohol and cooling 
rapidly in an ice mixture. Methyl aleohol or acetone may be 
used in place of ethyl alcohol. 

The plate form may be obtained by dissolving the glycin« 
needles or plates) in a small quantity of water and allowing the 
solution to evaporate in a vacuum desiccator over calcium chloride 
or sulfuric acid. In this way, well formed plates may be obtained. 

If an insufficient amount of aleohol was added, or if erystalliza 
tion took place slowly so that part ol the alcohol ¢ vaporated, 
mixture of plates and needles was obtained. These could readily 
be separated from each other by mechanical means. At times the 
plate form was obtained when the conditions apparently were 

Fischer, k., Ber. chem. Ges., 1905, xxxviii, 2914. 

Thanks are due to Dr. James Senior of The Rockefeller Insti 
Medical Research, who supplied the writers with a considerabl lantl 
of partially purified glycine ester hydrochloride. 


ow 
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adjusted for the preparation of the needle form, and vice versa; 
but, as a rule, the crystal farms could be obtained as described. 
The hydrogen ion concentrations of the solutions between 10 °° 
and 10°"'” adjusted with dilute hydrochloric acid and sodium 
hydroxide, exerted no influence on the crystal form. Several 


times the addition of ammonia to an aqueous solution resulted 
in the separation of needles where plates had been expected. 


De compos f On T mi pe rature S 


Glycine does not possess a sharp melting point, but decomposes 
as the temperature is raised. It was observed that the two forms 
began to decompose at different temperatures. These tempera- 
tures were determined in a Thiele melting point tube, containing 
sulfuric acid, with an ordinary 360° thermometer. The substances 
were dried in an electrically heated air oven for 3 hours at 100 
103°, finely ground in an agate mortar, and placed in the custom- 
ary capillary tubes. The temperatures given below are corrected. 
The determinations with the two forms were made simultaneously. 


( f substan N lles Plates Nee 8 Plates New Plates 
Light brown 230 212 222 212 223 211 
Brown 232 216 232 227 2338 227 
Dark brown 235 222 235 23 230 235 
Black 237 232 236 23 237 235 
Began to vaporize 24] 236 237 236 241 40) 


These results show that the needle form began to decompose 
at a higher temperature than the plate form. 


Amino Nitroge n Determinations. 


Van Slyke*® had found that glycine treated with nitrous acid 
in the apparatus devised by him** gave a volume of gas corre- 
sponding to more than 100 per cent of nitrogen in the glycine. 
Under fixed conditions he obtained a fairly constant nitrogen con- 


Van Slvke. D. D., J. Biol. Chem., 1911, ix, 185 
‘Van Slyke, J. Biol. Chem., 1912, xii, 275; 1913-14, xvi, 121. 
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tent of 19.9 per cent or 106.7 per cent of the calculated quantity. 
Longer treatment caused a greater evolution of gas, whose composi- 
tion, however, was not given. 

The micro-apparatus of Van Slyke was used in this work. The 
needle and plate forms were treated in the same way as far as 
possible. The experiments were carried out as follows: The 
substance was dried at 100—103° for 12 hours or in a vacuum 
desiccator over sulfuric acid. About 0.2 gm. was weighed out 
accurately, dissolved in a small amount of water, transferred to a 
50 ce. volumetric flask, and diluted to the mark. A 2 ce. portion 
was used for each amino nitrogen determination. The same 
pipette was used for the solutions from both the needle and plate 
forms. The determination was made in the customary way 
with 6 minutes shaking of the deaminizing bulb. The rate of 
shaking was kept as constant as possible. The determinations 
were made as soon after solution was complete as possible, and 
at intervals thereafter. 25 cc. portions of the solutions were 
used for nitrogen determinations by the Kjeldahl method. 

The results are shown in Table I. Column 2 shows the time 
after the glycine was dissolved which elapsed before the deter- 
mination was made; Columns 3 to 5, the experimental values 
Column 6, the weight of nitrogen corresponding to these, and 
Column 7, the percentage of nitrogen found. The results are 
given in groups, and at the beginning of each group are given the 
weight of glycine used in that series and the amount of nitrogen 
found by the Kjeldahl method. 

These results show that the plate form of glycine when freshly 
dissolved gave a slightly larger amount of gas than the needle 
form, but that on standing in solution the value fell to that of the 
latter. The final value of both solutions was very nearly the 
same as that found by Van Slyke under the same conditions. 
The actual change in value for the plate form was small, it is 
true, but always in the same direction. From the number of 
experiments carried out (only a few of which are given in the table 
and the strictly comparable experimental method of working, 
there appears to be no question of the occurrence of this change. 
At the same time, it must be stated that several times when the 
solutions were made up apparently with the plate form and a 


change in the value Was expected, ho such ch Inge occurred and 
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TABLE I—Concluded. 


Z. Pa i bf - 
=¢6 5 7 ~ 2 
=z $2 | 3 | 32 
= a 2 > “ N 
° : , 
Needle form. 
0.2006 gm. 18.5 per cent N 
19.4 760 | 0.12 | 0.071 
7\ 0.2 760 | 2.9] 1.66 | 19.9 
27 | 19.2 760 | 2.91 | 1.66 | 19.9 
15.6 767 | 0.10 | 0.063 
2,840 | 17.4 767 | 2.84 | 1.65 | 19.8 
2,858 | 18.0 767 | 2.86 | 1.66 | 19.9 
0.2015 gm. 18.4 per cent N. 
15.2 774 | 0.11 | 0.065 
70 16.0 774 | 2.79 | 1.65 | 19.7 
85 | 17.0 774 | 2.83 | 1.66 | 19.8 
100 17.2 774 | 2.82 | 1.66 | 19.8 
0.2083 gm. 18.5 per cent N. 
6.2 756 0.10 0.060 
7| 15.3 796 | 2.94 | 1.70 | 19.7 
22 16.0 756 | 2.94 | 1.70 9.7 
17.9 769 0.12 | 0.071 
2,940 | 17.7 769 | 2.93 | 1.70 | 19.6 
2,960 18.0 769 | 2.94 | 1.71 | 19.7 


the same value as with the needle form was obtained. The 
needle form in solution did not change its amino nitrogen content, 
as determined, within reasonable time. In one experiment in 
which the solution stood for over a week, an increase in amino 
nitrogen was observed, but this was evidently due to gradual 
evaporation, the solution having been kept in a glass-stoppered 
bottle. The factors which govern the change of the plate form 
in solution until equilibrium between. the different forms was 
attained were not studied further. 


d | ction of Bi omine, 


The needle and plate forms of glycine were dried at 100—103°, 
ground uniformly, and exposed to bromine vapor in a desiccator 
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for 3 days, weighed rapidly, exposed for 3 days more, and weighed 
again. The following results were obtained. 


Nee Dr Pla 
Original weight 0.1001 0.1024 
After 3 days 0.342 0.235 

*“ 3 =“ more 0.35 0.249 
Calculated weight C,H;O.N Br 0.2067 0.2115 
C.H;O,N Br 0.3267 0.3342 


Bromine determinations (as silver bromide) gave 58.5 per cent Br 
for the compound from the needle form and 49.0 per cent Br for 
the compound from the plate form; calculated for C,H;Q.N Bi 
51.6 per cent Br, for C,H;Q2.N Bre, 68.1 per cent Br. 

In this experiment therefore, each molecule of the plate form 
took up one atom of bromine and each molecule of the needle form 
took up two atoms of bromine. These compounds were red in 
color. On standing exposed to the atmosphere, the bromine 
was gradually given off again, leaving the colorless glycine. 


Expe riments with Alanine. 


A number of experiments were made with alanine, but the 
results were not so interesting as with glycine. Two forms of 
alanine, plates and needles, may be prepared in the same way as 
the two forms of glycine were prepared. The plate form did not 
give as well defined crystal shapes as with glycine, but they were 
still markedly different from the needle form. 

The relative decomposition temperatures of the two forms of 
alanine were similar to those of glycine, the plate form beginning 


to decompose at the lower temperature as shown by the following 


results 

Needle r Pla 
Light brown 240) 298 
Brown 248 242 
Dark brown 260) 
Began to vaporize 270 268 
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The amino nitrogen determinations for solutions of both the 
needle and plate forms of alanine did not change on standing. 
The results agreed with the value calculated for the simple formula. 
Possibly, the equilibrium between the two forms, if these diffe 
chemically, is attained rapidly in solution. 

When treated with bromine vapor both forms of alanine ap- 


peared to undergo decomposition. 


DISCUSSION, 


The results presented here make it evident that chemical 
differences, in addition to the difference noted by Fischer, exist 
between the two forms of glycine. The experimental evidence 
is not so sharp and clear cut as might be desired. At times when 
conditions were apparently suitable for one form, the other was 
obtained. The crystal forms even did not serve to distinguish 
between the two forms in some experiments. On the other hand, 
although the evidence is not altogether satisfactory, there appears 
to be no question that there is a difference between the two forms. 

If an explanation of the difference is sought in structural for- 


mulas, NH». CHe. COeoH and NHs. CHe. CO.O may be suggested, 
although there is no direct chemical evidence available to dis- 
tinguish between them. With the corresponding trimethy! 
derivatives, betaine and the methyl ester of dimethylamino- 
acetic acid, the two isomers are distinct and well characterized. 
If the similar structures apply to the two forms of glycine, then 
the differences in the two forms with hydrogen in place of methy! 
might be expected to be less pronounced and one form transformed 
into the other or equilibrium between the two established rapidly. 

Recently Williams and Seidell’? and Williams* alone found 
evidence to support the view that the presence of ‘‘vitamines”’ 
in foodstuffs was connected with the existence of isomeric or tau- 
tomeric forms of certain nitrogenous substances. Experiments 


Which of these formulas is to be assigned to glveine under definite 
conditions is still doubtful. & Ley, H and He gge, H ‘ Ber. chen (Gres P 
1915, xlviii, 84 

Willstiitter, R., Ber. chem. Ges., 1902, xxxv, 5S4 

‘Williams, R. R., and Seidell, A., J. Biol. Chem., 1916, xxvi, 431 
3 Williams, R. R., J. Biol. Chem., 1917, xxix, 495 
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with comparatively simple substances such as 8-hydroxypyridin 


led them to the view that the betaine ring structure, N.C.C.O, 
was the active grouping in “vitamines.”” One of the structures 
for glycine also contains this grouping. 

This investigation was suggested by some work which indicated 
that isomerism or tautomerism played an important part in pro- 
tein reactions connected with enzymes.’ The work was begun 
with glvcine as a simple representative of the protein type. 

The results obtained so far are of interest in connection with 
the possible existence of isomers in proteins and their derivatives 
and the different chemical, physical, and biological behaviors of 


these isomers. 


SUMMARY. 


The difference between the two forms of glycine, needle and 
plate, first noted by Emil Fischer in the formation of the acid 
chloride, was studied further. 

The method of preparation, decomposition, temperatures, 
behavior with nitrous acid (Van Slyke method) and with bromine 
were studied and differences found to exist between the two forms. 

Similar experiments with alanine showed less distinct differences 


between the two crystal forms of that compound, 


’ Falk, K. G., J. Biol. Chem., 1917, xxxi, 97 
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After the publication by Folin and Denis! of methods for the 
direct Nesslerization of ammonia in urine and in blood, the 
author attempted to obtain a supply of Merck’s blood charcoal 
in order to use these new methods, and also in the hope of apply- 
ing the principles involved to the determination of ammonia in 
muscle. There was no Merck’s charcoal to be had. A substitute 
charcoal therefore was sought, and at the same time substances 
other than charcoal were investigated with regard to their ability 
to remove creatinine from urine, and creatine from muscle ex- 
tracts. Thus far only one brand of charcoal with properties 
similar to those of Merck’s has been found, an American made 
acid-washed bone charcoal sold by A. H. Thomas Company. 
This brand has been found to possess an unusual power of adsorp- 
tion, and has been used with some success with urine, but is not 
satisfactory in some cases. It does not adsorb creatine, and 
cannot, therefore, be used for the determination of ammonia in 
muscle tissue. 

Among a great many other reagents which have been tried, 
none has been found that removes creatine satisfactorily; but one, 
copper hydroxide, has been found to remove creatinine from urine 
rather well, and to carry down also all other substances which 
would interfere with the direct Nesslerization of ammonia. 

The permutite method of Folin and Bell? has so simplified the 


1 Folin, O., and Denis, W., J. Biol. Chem., 1916, xxvi, 473. 
2 Folin, O., and Bell, R. D., J. Biol. Chem., 1917, xxix, 329. 
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to describe another method; but the use of copper hydroxide is 
rapid and easy and offers special advantages for time saving. 

Copper hydroxide has long been used as a protein precipitant, 
and recently Van Slyke,’ in determining acetone bodies in urine, 
has utilized it for the removal of glucose and other interfering 
substances. However, the author is not aware that it has ever 
been used expressly for the precipitation of creatinine. 

For the direct Nesslerization of ammonia the urine is treated 
with a practically saturated solution of copper sulfate. Copper 
hydroxide is then precipitated by adding a sodium hydroxide 
solution of normality sufficient to bring the mixture rather close 
to the neutral point. At about the neutral point more than 90 
per cent of the creatinine is precipitated, but when the reaction 
is either acid or alkaline the precipitation of both creatinine and 
copper is interfered with. The small amount of creatinine remain- 
ing in solution is not noticeable unless one is working with a 
sample of urine that contains less than 0.25 gm. of ammonia 
nitrogen per liter. In this case the Nesslerized solution is likely 
to have a slightly yellow tint, which will not interfere seriously 
with the reading, however, as repeated analyses have shown. Dif- 
ferent samples of urine vary considerably in reaction, and it seemed 
at first desirable to use two different sodium hydroxide solutions, 
a stronger for acid urine and a weaker for alkaline urine; but 
it has been found that for all practical purposes one solution 
ean be used, the reaction of the urine having no great effect 
upon the end-point. The normality of this solution should be 
2.03. The copper sulfate solution should contain 298 gm. of 


pure crystallized copper sulfate per liter. 


The sodium hydroxide solution should be free from iron and carbonate, 
and is best prepared from technical caustic soda according to the directions 
of Folin and Denis. 

\s copper sulfate sometimes contains ammonia, it should be tested for 
this by running a blank If ammonia is present it can be removed by 


recry stallization. 


The directions are as follows: Pipette into a large test-tube, 
preferably of 22 mm. diameter, exactly 10 ce. of the copper sul- 


fate solution, 15 ce. of urine, and 10 ec. of the sodium hydroxide 


- Van Slyke, D. D., J. Biol. Chem., 1917, xxxii, 455. 
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solution. Stopper immediately, and shake vigorously to mix. 
If the materials are not thoroughly mixed some of the copper 
may escape precipitation. Filter through an 11 em. filter paper, 
covering the funnel with a watch-glass to prevent evaporation. 
Pipette into a 100 ce. volumetric flask the amount of filtrate that 
has been indicated advisable by a preliminary test (see below). 
Add one drop of a saturated solution of Rochelle salt to prevent 
the possible precipitation of the trace of copper that is present.‘ 
Dilute and Nesslerize with 10 ec. of the Nessler solution of Folin 
and Denis,’ and compare in the colorimeter against a standard 
containing | mg. of ammonia nitrogen. 

It has always appeared to the author that one of the chief sources 
of loss of time in determining ammonia by methods involving 
Nesslerization is the fact that one can seldom be certain of the 
amount of ammonia present in the unknown, and may therefore 
make the solution either too strong or too weak for a satisfactory 
comparison with the standard, necessitating another analysis. 
This can be avoided by Nesslerizing a minute portion of the 
filtrate from the copper hydroxide and roughly comparing the 
color obtained against a set of permanent standards. This 
portion is obtained by allowing the solution to drip directly from 
the funnel, where it is filtering, into a small test-tube. The filter 
funnels are made to deliver about 20 drops to the cubic centi- 
meter by drawing the tips out in a flame until the outside diameter 
is about 2 mm., and cutting them off at this point. The funnels 
are then tested for the number of drops delivered per cc. Three 
drops of filtrate are taken for the test, diluted roughly to 6 ce., 
treated with about 1 ec. of Nessler’s solution, and compared 
with the standards. The standards are made in the following 
manner: Dissolve about 12 gm. of crystalline ferric chloride and 
5 gm. of crystalline cobalt nitrate in 200 ce. of water and filter. 
This solution will have a color that is approximately the same in 
quality as that of Nesslerized ammonia. Its intensity is de- 


4 The protective action of this reagent, and also of sodium citrate, is 
shown by the fact that, when one of these salts is present, ammonia diluted 
with the laboratory tap water yields on Nesslerization a colored solution 
that appears perfectly clear. There actually is some slight haziness to be 
observed, however, when a long column of the solution is compared with the 


ordinary standard against a black background. 
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termined by comparison in the colorimeter against I mg. of 
ammonia nitrogen freshly Nesslerized, and from the reading ob- 
tained one makes, by diluting, twosolutions, one equivalent to2 mg. 
of ammonia nitrogen (per LOO cc. of volume), and one equivalent 
to 1 mg. of ammonia nitrogen. The table below tells, in the first 
column, how much of these two solutions is taken for each of the 


six standards. The material is pipetted ‘into small Jena test- 


tubes,’ and made up to 7.5 ec. volume, after which the test-tubes 
are sealed with small round cover-glasses and sealing-wax. The 
second column in Table I tells how much Nesslerized ammonia 
nitrogen the standards are equivalent to, and the third column 
shows what volume of the unknown filtrate will yield about I mg. 


of ammonia nitrogen. 


rABLE I 
Volume of iron-cobalt Nesslerize mmonia N Volume of filtrate containing 
solution taken represented 1 mg. of nitrogen 
1.0 0.15 l 
double strength 
7.5 0.075 2 
5.0 0.05 3 
3.0 0.08 5 
1.5 0.015 10 
1.0 0.01 1S 


Table IL compiled from parallel! ammonia determinations by 
aeration and by the new method indicates the accuracy of the 


results obtained. 


6 The alkali given off from ordinary glass causes the ferric chloride to 


deepen in color, after standing for a short time. 
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INTRODUCTION. 


Soon after Funk announced the separation from rice polishings 
of supposed bases called by him * vitamines,”’ and Suzuki, Shima- 
mura, and Odake, working in the Orient, published corroborative 
evidence of the presence of a substance apparently similar to that 
described by Funk and called by the Japanese investigators 
“oryzanin,” Edie, Evans, Moore, Simpson, and Webster in 
England reported the presence of similar bodies in’ brewer’s 
veast. 

Without giving a survey of the development of the study of 
‘“vitamines,”’ we may mention that such workers as Mendel, 
Osborne, Hopkins, Macallum, Seidell, Williams, and Eddy have 
confirmed the existence of food accessory substances which are 
capable of maintaining and increasing bodily weight and growth. 

(‘linical observers have long recognized that in certain infectious 
diseases growth is induced, apparently, by the infection. In 
tvphoid fever, for example, the patient may grow from 1 to even 
several inches in height. 

Yeasts and bacteria are so low in the zoological scale of life as 
to be virtually on the same plane; and there is no evident error 
of logic in inferring that the growth incident to bacillary infections 
may be due to substances, elaborated by the bacteria, such as the 
substances known to produce growth, which are elaborated by 
veasts. 

In the present paper we report experiments made to determine 
this point. 








44 Typhoid Bacilli Cultures 


Technique. 
Vaterials En plo ved 


1. Uschinsky’s asparagine medium with a 


gar 
Formula. 
\sparagine 3.4 
Ammonium lactate 10.0 
Sodium chloride 5.0 
Magnesium sulfate 0.2 
Calcium chloride 0.1 
Acid sodium phosph it¢ 1.0 


The substances are dissolved in 1 liter of distilled water and 40 ee. of 
glycerol ire idded lo obtain a solid medium 1 > per cent of agal s added 
When prepared, the medium is submitted to fractional sterilization for 


» 


days. It is finally distributed in quart size Mason jars in such a manne? 


as to form an evenly layered coat on the inner wall of the jar. Essentially 
these are large Esmarch rolls 
9 


2. Anderson strain typhoid bacilli, obtained from the Department of 
Health, New York, and proved virulent by agglutinating them with known 
typhoid serum, diluted 1: 80. 


3. Osborne and Mendel’s casein diet. pre pared from Merck’s reagents, 
and consisting of: 


Casein LSO 
Starch 325 
Granulated sugar 170 
Agar 50 
Lard : P 250 
Salt mixture 20 


The salt mixture has the following composition: 


Caz(PO, ; : 10 
K.HPO, ; 37 
NaCl 20 
Na citrate 15 
Mg aa es abs ; wanker > % 
TE ee idiot Sulaesasond 8 


When this diet was prepared, the casein was extracted several times 
with boiling aleohol to insure the removal of any trace of vitamine that 
may have been present. 

4, White rats, males, and as nearly the same weight as could be obtained 
from the animal dealer, were placed in separate cages holding wire meshed 
bottoms to provide for ready removal of feces. The food was placed in 
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empty ether tins with a small lateral aperture, the tin being hooked to the 
side, not resting upon the floor of the cage. 
5. Strains ot (Anderson type typhoid bac illi were pl inted in U' sc h 


medium, liquid, and after incubation for 48 hours were poured into th 


| e 
irs prepared asedescribed By rolling the jar along the table top a few 
eet the liquid plant was evenly distributed over most of the surface of the 

coating held by the jar These plants were incubated for 72 hours when 


t relatively abundant growth of bacteria was obtained. Si: 


used. The cultures were scraped from the walls of the jars and transferred 
to Erlenmever flasks for further treatment \ volume of bacteria ylonies 
corresponding to about 40 cc. was obtained from each jar All the cu re 
were pooled together previous to extraction 

Extraction The collected bacteria were overlaid with about 300 « 
of absolute alcohol containing 0.8 per cent hydrochlori cid The vert 
illowed to stand 24 hours when the alcohol was filtered off and « porated 
to dryn ss before the blast of an electric fan Che residue was taken ip 
with about 100 ec, of distilled water, heated to 3S ¢ and filtered The 


filtrate Was again evaporated to dryness, taken up with a new volume of 


distilled water, filte red, and the filtrate m ide up to S00 er with water 
This final filtrate, representing the fat- and protein-free extract of tl 


vphoid bacteria was used in the experiments which follow, and 


I \\ De 
referred to as “typhoid bacilli extract 

lor purposes of control, 50 gm. of the solid Uschinsky medium were 
extracted in a similar manner, and the filtrate obtained is designated 

medium extract.’”’ 
An mal Expe “ments, 

At the beginning of the tests, the weight of each rat was scertained 
Phroughout the expe riments the rats were weighed dail and the tood ind 
water allotted per 24 ho irs measured and the amount recorded 

Four groups of tests were conducted, as follows 

G Oup ] fats fed on the usual « ibl Ere carrot ind l Li¢ de- 
termine normal growth curves. 

Group 2 tats fed on casein diet, to maintain them on a vitamine-free 
diet and at constant weight 

Gro Pp , Rats fed on casein diet to which were added each day 5 ec, 


of medium extract, to insure that the medium per se, did not induce growth. 
Group 4.—Rats fed on casein diet to which were added daily 5 ec. of 
typhoid bacilli extract, to ascertain whether or not typhoid bacilli extracts 


contained vitamine 


here were three rats in each group 


1 This method was shown us by Dr. W. H. Ex 
experiments at the New York Hospital. 
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Re sults. 


At the end of 30 days, the rats of Group 1, which were fed 

carrots, cabbage, and milk, had gained steadily in weight, increas- 

ing from 34, 45, and 49 gm., to 90, 107, and 97 gm., respectivels 

This is the usual rate of inerease for young rats, and, therefore, 

represents a normal growth curve (Fig. 1 

Rats of Group 2 were fed on casein diet exclusively 
it constant weight. 


Theoretic- 


ally the casein diet should maintain the rats : 
weight 


Kxperience shows, however, that the rats gradually lose 





and distilled water. 


f Group l. fed « ibbage carrots, milk, 


Fic. 1. Rats « 


at first, extending over a period of.2 weeks so gradually as to be 
of nearly constant weight, but after this time the loss is rapid and 
After allowing the 


, test solu- 


the animals die usually within 1 month. 
animals to reach constant weight, that is after 2 weeks 
added to the basal ration and the effec 


af 
t 


a 


tions of vitamine can b 


noted. 
Of the three rats fed exclusively on casein diet, one died after 
The 


18 days, the second after 24 days, the third after 27 days 
rats weighed respectively 48, 62, and 65 gm. at the start of the 
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tests. After 14 days, the weights were 40, 50, and 55 gm., re- 


spectively, and at death 12, 22, and 25 gm. (see Fig. 2 
Gm. 
iG 2 R its of Group 2 fed Osborne and AY ndel’s basal case in ale 
exclusive 


[In the third group only two rats were fed the basal casein diet 
to which there were added each day 5 ee. of medium extract. 
Fig. 3 records the finding of how each rat continued to lose weight, 
indicating that the culture medium was void of vitamine sub- 
stances. 

Finally, the rats of Group 4 were fed casein diet to which were 
added daily 5 ce. of t\ phoid bacilli extract. The extract was not 
added until after the 14th day, however, as this time was allowed 





Fic. 3. Rats of Group 3, fed easein to which were added each day 5 ce. 


f culture medium extract. 
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to permit the animals to reach constant weight. It will b 
noticed that immediately upon adding the typhoid bacilli extract 
to the basal casein diet the rats gain in weight. Their gain is 
steady and simulates the curve obtained for normal growth. — It 
will be further noticed that the conditions of the experiments are 
such as to preclude anything but the bacillary extract as respon- 


sible for the stimulation of growth. 





Fic. 4. Rats of Group 4, fed casein to which were added daily 5 cc. of 


typhoid bacilli extract 


[Iextraets Cc mntaining vitamin have by Nn shown to give a posi- 


tive test, evid 


need hy the production of a blue color, with th 
Folin-Denis uric acid reagent. In this series, the medium extract 
reacted negatively, but the typhoid bacilli extract gave a markedly 
positive reaction. 

Experiments are under way to ascertain whether other in- 
fectious organisms vield vitamines, and also, how to apply the 
vitamine formation therapeutically to the best interest of the 
infeeted patient. Already, evidence has been obtained that radi- 
eal changes in the feeding of typhoid patients can be effected 
through this knowledge, and it is hoped that the conclusions 
reached will be of practical application. 
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CONCLUSION, 


The typhoid bacillus, in growing, produces vitamine which 
can be isolated and identified by proper biological methods. Thx 
bearing on the effect of the same upon the general metabolism of 
typhoid patients, and indications of a scientific basis for new 
methods of feeding these cases, are under investigation. 
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In the altered metabolism. conditioned by the absence of the parathy- 
roids, Coronedi and Luzzatto (1) and Underhill and Saiki (2) were the 
first to find that the urine becomes alkaline and that the elimination of 
ammonia is simultaneously increased MacCallum and Voegtlin (3) and 
Berkeley and Beebe (4) also reported an increased output of ammonia in 
the urine relatively and absolutely to. the total nitrogen, after parathy- 
roidectomy in dogs. Cooke (5) likewise found a high ammonia output 
and alkaline urine. Later Wilson, Stearns, and Janney (6) showed that 
ammonia excretion and also the ratio of ammonia to total nitrogen was 
diminished in parathyroidectomized dogs Upon the development of 
tetany, however, the elimination of ammonia and the ratio of ammonia 
to total nitrogen was increased. Burns (7) confirmed Wilson’s work and 
stated that the increase in output of ammonia nitrogen corresponds to the 
onset of muscular tremors. The increased percentage of urinary ammonia 
was reported by Musser and Goodman (8) in postoperative tetany and by 
many other elinicians in idtopathic tetany. 

The fact that the increased output of ammonia, above cited, was caused 
by the increased content of ammonia in the blood, was first reported by 
MacCallum and Voegtlin (3 Carlson and Jacobson (9) also demonstrated 
that the concentration of ammonia in the blood of animals in parathyroid- 
ectomy is greatly increased over that in the blood of normal animals 
Jacobson (10) also showed that the concentration of ammonia in the blood 
of animals subjected to experimental ammonia tetany is practically equal 
to that of animals exhibiting symptoms of parathyroid tetany. Med- 
wedew (11) also reported high ammonia in the blood of parathyroidecto- 
mized animals, whereas ( rreenwald 12 found no appreciable change in the 
blood ammonia under the same conditions 

The increased excretion of total nitrogen which occurs a few davs after 
the appearance of tetanic symptoms was demonstrated by MaeCallum and 


1 
ot 
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Voegtlin (3 Most of the cases reported by Greenwald (12) and Cooke 
5), Wilson, Stearns, and Thurlow (13), and Wilson, Stearns, and Janney (6 
showed an increase after parathyroidectomy. Burns (7) reported that the 
excretion of total nitrogen rose slightly after the operation, but a few days 
later it fell to subnormal, which he attributes to the refusal of the animal 
to take all the food. 

The increased excretion of ammonia in the urine and the simultaneous 
increase in the ratio of ammonia nitrogen to total nitrogen was reported 
by MacCallum and Voegtlin (3), Underhill and Saiki (2), Cooke (5), Berke- 
ley and Beebe (4), Falta and Kahn (14), and Wilson, Stearns, and Janney (6). 
Burns (7), also reported the increased ratio after the development of tetany 

The fact that the reaction of urine becomes less acid and sometimes 
neutral or alkaline after parathyroidectomy was mentioned by Underhill 
and Saiki (2), Greenwald (12), Cooke (5), Burns (7), and Wilson, Stearns, 


and Janney (6). 


Irom the literature it is certain that changes occur, especially 
in the nitrogen, and also in the acid excretion in the urine of 
animals subjected to parathyroidectomy. In the _ preceding 
paper of this series it was demonstrated that the increase of 
guanidine in the animal body by subcutaneous injection, induced 
symptoms almost identical with those of tetania parathyreopriva 
and at the same time hypoglycemia which also appears in tetania 
parathyreopriva. These facts lead us to believe that the guani- 
dine which increases in the animal body as a result of the lack of 
parathyroids may influence the metabolism of nitrogen and also 
the acid-base equilibrium. This work was intended to test the 
above view. Burns (7) stated that the symptoms produced in 
animals as a result of injecting guanidine hydrochloride resemble 
those of tetania parathyreopriva in the increased excretion of 
nitrogen. He also states that in some cases the ammonia is 
increased over the normal though there is no increase in the ratio 
of ammonia to total nitrogen. The urine, likewise, showed a 
tendency to become alkaline after the administration of the drug. 
His evidence, however, is not clear and his variations after para- 
thyroidectomy are too small. Moreover, such a small dose of 
guanidine was used that most of the animals did not manifest 
the symptoms of tetania parathyreopriva. More definite in- 
formation on the results of injection of guanidine hydrochloride 
are therefore desirable. 
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Methods. 


Rabbits were employed in this investigation. They were kept 
in metabolism cages which were cleaned every morning. The 
24 hour specimen of urine was collected each morning at 9 o'clock 
by squeezing the bladder of the rabbits. Toluene was used for a 
preservative. The 24 hour specimen of urine was made up to 
250 ce. and the diluted urine used for determinations. Total 
nitrogen was estimated by the Kjeldahl method. Ammonia was 
determined by aeration with Folin’s method. For the determina- 
tion of acid excretion the method of Henderson and Adler (15 
was used and Henderson’s method (16) for hydrogen ion concen- 
tration. Results in which the pH is less than 4.9 are merely 
approximations. For the above two methods the precautions 
mentioned by Wilson, Stearns, and Janney (6) were observed. 
Duplicate determinations were made in most cases. The charac- 
ter of the food may influence the ammonia and the acidity and 
also the hydrogen ion concentration. Hence uniform conditions 
must be preserved. 

Rabbits were kept in the cage 3 days previous to the injection 
and oats and water given freely. On the morning of the 4th day 
at 9 a.m. a sublethal dose (Q.2 gm. per kilo of body weight 
of guanidine hydrochloride was administered subcutaneously t 
three rabbits and these were observed for 6 days after injection. 
During this time oats and water were kept in the cage. In the 
following tables is shown the striking difference in the total nitro- 
gen, ammonia nitrogen, acid exeretion, and hydrogen ion con- 
centration before and after injection of the drug. 

There is a marked decrease of total nitrogen in the urine just 
24 hours after injection and this decreased elimination is inde- 
pendent of the volume of urine, since the volume of urine does not 
markedly decrease but rather increases in some cases throughout 
the investigation. However, on succeeding days the elimination 
of nitrogen is increased over that of the normal period. The 
elimination of ammonia nitrogen is markedly increased during the 
Ist day after injection, much more increased during the 2nd day 
but becomes normal in a few days. There is a relative and 
absolute increase of ammonia nitrogen, so that the ratio of am- 
monia nitrogen to total nitrogen is remarkably high as compared 
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rABLE 11] 


Rabbit 5. 


Urine 

Titra 

Date Bod) I ydoashiorl e : Am- in 10 
veight ager Volume) Tota onan (Nis Mi oat pH 

] 
Oct. 27 2 920 111 | 0.847, 0.008 0.9 | 9.0 
28 158 | 1.267) 0.017; 1.3 2.1 1.8 
29 . 1.367; 0.022} 1.6 2.0 5.7 
0 3,200 | 0.2 at 9 a 72 | 0.406) 6.039 9.8 0 6.9 
31 2 920 109 | 0.896) 0.053 5.9 0.1 7.0 
Nov l 2 $20 133 1.225 0.054 1 4 0.2 6.6 
2 2,740 135 | 1.400 0.020 1.4 0.9 6.1 
3 2.720 117 1.360 0.015 1.1 0.8 6.1 
| ? OSO G7 1.155 0.017 1.5 0 9 5 4 

* Figures lost 

with the normal eondition in each rabbit. Another striking 


feature is the decreased titratable acidity, the urine in some cases 
becoming neutral. The hydrogen ion concentration decreases 
and on the 2nd day some of the urines appear neutral. The 
increased excretion of ammonia nitrogen was accompanied by 
the lowering of acid exeretion and a diminution of hvdrogen ion 
concentration, 

It was observed that, for a day or two after the injection of the 
drug, the rabbits do not eat, which results in a fasting condition 
that may have some effect on metabolism (17, 18). To take this 
condition into account the normal period of the rabbit was divided 
so that for 3 days the animal received oats and water, for 3 days 
water only, was fed well until the normal condition was obtained, 
then for 3 days was given oats and water, and on the 4th the 
guanidine was injected. The results of the experiment during the 
first 3 days after injection then were compared Lo the 3 days 
fasting normal period, and thus the effect on the animal due 


solely to the drug was obtained. 


ons 
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rABLE I\ 
Rabhit ?. 
Rod Guanidine . P 25 ‘ 
Date 7, hydrochloride re 355 Food 
Aé n 1 = ~ Tha 
per kilo =| 25 
Nov 6 2 440 177:1.505 0.042) 2.8 0.9 6.4 Oats and water 
7 136 1.2250.030 2.4 0.9 6.0Same. 
8 2 420) 84:1.008 0.035) 3.5) 1.1 6.3 = 
9 2 400 78.0.980.0.021) 2.1) 1.1 5.5) Water. 
10 2,320 142'1.456:0.017| 1.2) 1.7 |4.7 = 
1] 2,260 148'1.365/0.022) 1.6) 1.4 15.2 
12 2 200 202/1 .225\0.020) 1.6) 1.4 [5.3 - 
Fed well, 
Nov. 30 2,260 800.490.0.010 2.0 0.4 4.7 Oats and water 
Dec. 1 75.0.651'0.008' 1.2. 0.7 '4.7/Same 
- » 2 POO 102 0.882 0.014 1.6 0.9 4.5 
3 2185 0.08 at 9 | 530.7840.014 1.8 1.0 4.4 Water 
a.m. 
} 2 O?0 197\0.9940.015, 1.5 O.8 4.4 ‘ 
5 0.12 at 9 23/0 .077,0.015:19.5;| O ‘7.0 





As shown in Tables IV to X 


total nitrogen increases 


the 


fasting owing to the 


first period of estimation 
exeretion of after 
increased catabolism of body proteins. The exeretion of acid is 
also increased. However, there is almost no change in ammonia 
nitrogen. Distinet differences appear after the administration 
of the drug. 


the same time the ratio of ammonia to total nitrogen is very much 


The ammonia nitrogen Is greatly increased and at 
increased. This means that the increase in the excretion of total 
nitrogen does not keep pace with the increase in ammonia nitrogen. 
\s mentioned before, the total nitrogen is decreased in 24 hours 


after injection. The acid exeretion and hydrogen ion coneentra- 
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rABLE \V 


Rabhit s 





| Urine 
| 
; Guanidine < et 2s 
date : ody hydrochloride ore = & s | 
—— per kilo nN be = 
2| | e |zmlac 
se 2 tect ll 
Nov 6 1.280 480.4900.010 2.0) 0.5 5.2 Oats and water. 
= 7 620 602 Same 
g 1.240 400.5110.013 2.5 0.6 4.7 
9 1.180 57 0.6300.006 1.0 O.8 4.7 Water. 
10 1,120 8) 0.8960.008 0.9 1.2 14 os 
11 1.080 750.8400.010 1.2) 1.2 4.4 
12 1,040 740.7120.010' 1.4) 1.1 |4.4 
Fed we I] 
Nov. 30 1.280 150.3850.007 1.8 0.7 4.7 Oatsand water. 
Dec. 1 15 0.4200.011 2.6 0.7 4.5 Same. 
” ? 1.280 620.539 0.011 2.0 0.8 (5.3 oe 
3 1,200 0.15 at 9 | 340.350\0.037' 9.7, O (7.0;\Water 
a.m 
4 1,140 54.0.63010.035) 5.6, 0.1 |7.0 “ 
5 1,120 58'0.770.0.022; 2.9; 0.9 |4.9 - 
6.. 1,100 64:0.602.0.021) 3.5, 0.9 (5.6 ” 


tion were also decreased distinctly as usual where the sublethal 
dose was administered. The subtoxie dose (small dose) was 
tried on Nos. 7, 10, and 17. In this case the change in the urine 
does not differ from the fasting condition in 24 hours after injec- 
tion. Whereas the other animals in which large doses of the drug 
were injected showed some degree of tetany, the above rabbits 
exhibited no symptoms of tetany. Nos. 7 and 10 were again 
injected with larger doses and this time the usual results were 
manifested. From the 2nd day after the administration of the 
drug the sudden increase of total nitrogen excretion was noted, 


but the percentage increase is no larger than during the normal 
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TABLE VI 


Rabbit 9. 


Urine. 


C;uanidine 


hydrochloride 
} 


per kilo 


136.0.8050.014 1.7 
115 1.1200.018 1.2 
121. 1.274.0.008 0.6 
151 1.624.0.008 0.5 
2151.855'0.013 0.7 
202 1.6600.014 O.8 
S? 0.847 0.011 1.3 
S$? 0.7840.011 1.4 
1150.8610.012 1.4 

0.2 at9 
m. 117.0.3500.028 8.0 
320.840 0.04S 5.7 
107 0.8750.035 4.0 
1401.7150.024 1.4 
ink Most cusses. The large dl 


some change in protein me 





iz 
1.7 
RK. 
a 
1.9 
1.S 
>”) 
0.2? 
Ooo 
0.6 
] 2 
OSC 


‘tabolism o1 


I] 


arug 


of Ini ye ected 


the kidney 


rmeable to the nitrogen in such a condition. 
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rABLE VII 


Rabbit 10 


Urine 
B Guank ¢ . & 2s 
“: ydrochlorid = c 
si t per kil = Y . D 
s jziz\ec 
raat = F, \fet | fn “ 
Nov. 23. .| 2,020 150.490'0.008 1.6 0.75.9/Oats and water 
24 60.0.7800.011) 1.4 1 25.4/Same 
2) 1.940 51'0 868'0.012. 1.4 | 916.4 
ap 1,920 54.0.903'0.008 0.9 1.45.0)\Water 
24 1.840 67'1.155.0.022) 1.9 1.96 
28 1,800 79\1.407|0.013) 0.9) 1.3/5.4 
Fed well. 
1) S 2 O10 2 3920.013 3.3. 1.14.S8/Oats and water. 
) 140. 68300.014 2.2 135.018 
1) 1. O40 180 6860.017' 2.5 0.95.7 
1! 160600 O.06 at Y 
m 66.0.7840.019 2.4 085.5iW 
|‘? 61) ‘) LS t 4) 
590.413 0.088 21.2 0.47 
1s 1.620 106.0.763 0.09L 1L.S 0.37.0 
14 1 000 650.7280.041 5.6 0.16.9 
) 1,540 731.0500.054 5.1 fh 117.4 











60 Studies in Metabolism. I] 


rABLE VIII 


Rabbit 17. 





> Guanidine Fs 
Date Body hydrochloride | + : Foo 
. per kilo as 5 = 
5 z a |z1z 
: z a tei 1S 
Dec. 23. .| 2,160 250.448 0.020, 4.5 —0.17.2,;Oats and water. 
2 180.210 0.034 16.3 0 7.0\Same. 
25 2.120 57 0.567:0.035! 6.2 0.85.7 
26 2 080 600.6370.017' 2.7' 1.34.8\Water. 
27. .| 2,010 36:1.015.0.015; 1.5 1.64.8 
28 2 OOO 58.0.966.0.015 1.6 1.64.7 
Fed well. 
Jan. 8..) 2,205 300.7210.011 1.5 1.65.0Oats and water. 
. 9 33.0.8500.008 0.9 2.04.9 Same. 
10. .| 2,210 320.7700.007| 0.9 1.64.9 ‘ 
1] 2.140' 0.1 at 9 
a.m. 390.8050.010, 1.2) 1.44.7 Water. 
2 2,000 790.805.0.028 3.5 0.85.7 


1 
i 
13 1,940 58 0.8820.014, 1.6 0.74.5 
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rABLE IX, 


Rabbit 1 S. 


lr 
Date. | Body nydecheride |= | @ 5 
pe Kil = 
g gm ned 
Dee. 23 2,360 58.0.6720.011, 1.6 
24 73'1.015:0.014| 1.4 
20 2 260 68 0.9940.011) 1.1 
26 2,180 78 1.2040.013) 1.1 
“ @ i2iae 781.3230.008 0.6 
28. .| 2,080 740.861:0.011) 1.3 
1918 
Jan. 8../ 2,280 60,0.6610.013) 2.0 
” 9 65/0.850'0.011) 1.3 
” 10. .; 2,180 75\0.805,0.011) 1.4 
~ 41..1/200010.2 at @ 
a.m. 115/0.406/0.032| 7.9 
“ 12. ./ 1,860 84/1 .08510.040) 3.7 
™ 13. .| 1,820 81:0.924'0.014 1.5 


— i i 1D 





ee me oe oe oe 


os 


61 


5 Oats and water. 


4Same. 


4 
4\Water. 
45 “ 

4 “6 


Fed well. 


8\Oats and water. 
8\Same. 


a a 
‘ 


9 Water. 


eS ” 
5 “ce 
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TABLE X 


Rabbit 19. 


Guanidine 





Date been hydrochloride Fo 
per kilo , ~ 
Dec. 23 L. SSO 116.0.7840.010 1.3) 6.2 5.8 Oats and water 
” 24 | 75.0.73510.015| 2.0; 0.7 |4.7\/Same 
2: 1.720 53.0.7700.013 1.7) 0.8 |4.6 
26 1,680 68:0.7700.011, 1.4 1.0 |4.6)Water 
27 1,590 77.0.917,0.011;) 1.2) 1.4 |4.7 
PS 1.560 71:0.875\0.010; 1.1) 1.4 (4.7 
Fed well. 
Jan. 8 1,660 130.6610.014 2.1 0.9 4.7, Oats and water. 
i) 32:0.6300.014, 2.2. 0.8 (5.7 Same 
10 1.600 31,0.6700.013 1.9 1.0 (4.7 
11 1.460: 0.15 at 9 
a.m 55'0.532.0.022 4.1 0.5 |5.8 Water. 
12 1,380 82'0.826)0.017; 2.1) 0.6 [5.7 “is 
13 1.305 }-88'1.344:0.008 0.6 1.4 5.5 
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SUMMARY. 


1. The introduction of sublethal doses of guanidine hydro- 
chloride induces sudden diminution of total nitrogen in the urine 
in 24 hours, but after successive days it increases again, as in 
most cases in the fasting period in the same animal. 

2. The ammonia elimination increases markedly after the 
administration of large doses of the drug. The ratio of ammonia 
to total nitrogen is increased greatly. 

3. The acid exeretion ts markedly lowered in some cases the 
urine becoming neutral or alkaline after injection of the drug. 

!. A decrease in hydrogen ion concentration occurs after the 


injection of the drug. 
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It is a fact that in parathyvroidectomized animals the excretion of 
ammonia is increased at the same time that ammonia appears in large 
quantity in the blood. As evidence for this statement two possibilities 
have been considered. First, as a result of defective oxidation in the body 
acid bodies are formed {mmonia is formed from protein to neutralize 
these acids. Second, accelerated protein metabolism produces an excess 
of ammonia or the depressed liver function results in an inability to trans- 
form ammonia formed in protein metabolism into urea. Carlson and 
Jacobson (1) demonstrated the marked depression of the ammonia-destroy- 
ing power of the liver in completely parathyroidectomized animals as com- 
pared with normal animals in perfusion experiments. They thought that 
the increase of ammonia in this condition is therefore due, at least in part, 
to liver depression rather than to acidosis independent of the liver Wil- 
son, Stearns, and Janney (2) state in their experiment that the elimination 
of ammonia and the ratio of ammonia to total nitrogen increased and that 
the acid and hydrogen ion concentration increased after the attack of 
acute tetany. They believe that after acute and chlorie tetany an acidosis 
may occur. Wilson, Stearns, and Thurlow (3) put forward the idea that 
after parathyroidectomy a condition of alkalosis may develop which is 
neutralized by acid products formed by muscular activity incident tothe 
tetany ({n acidosis condition may result after the period of acute tetany. 
Their experiments were performed with the dissociation constant of oxy- 
hemoglobin and hydrogen ion concentration of the blood and alveolar car- 
bon dioxide tension. Underhill and Saiki (4), Cooke (5), and Wilson, 


Stearns, and Janney (2) found abnormal acid, such as diacetie acid, in the 
65 
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urine in Cases of tetania parathyreopriva with the development of tetany 


In } 
foun 


\ 


yostoperative tetany and idiopathic tetany the abnormal acid Was 
d 


fter pul ithyvroidectomy the acid reac tion of the urine diminishes and 


the reaction becomes neutral or alkaline with a decrease in hydrogen ion 


cone 


acid 


entration. This fact shows that the excretion of phosphate, at least 


phosphate, may be decreased in the urine after parathy roidectom) 


Greenwald found a m irked retention of pl osph ites appearing on the 


first 
phos 
this 
phos 
tion 
as 1n 
whic 


dilut 


few davs after parathy roidectomy. In all of. six experiments the 


phate excretion falls to less than 50 per cent of its former amount and 
condition is not accompanied by an increase in the elimination ¢ 
phate in the feces. In normal condition we would expect the excre- 
of phosphate to increase in the excess of muscular activity (7, 8, 9 
tetany Greenwald (10,11) reported that the retention of phosphat 


h is insoluble in the usual lipoid solvents but soluble in a mixture of 


e acetic or hydrochloric or picrie acids, was a fact. The inerease of 


Inorganic phosphorus 12) in the blood together with the decreased nx idity 


of the urine in which monobasic phosphate is the m iin substance which 


Is In 


the excretion of n¢ id, may fiveusa picture of the acidosis in the bod, 
| 


since the ch inge trom dibasic to monobasic phosph ite is the normal mech- 


ANIS! 





n by which the body gets rid of acid (13 


‘he above events show that In tetania parathvreopriv 1, acidosis may 


and since, after injection of guanidine hydrochloride. almost the 


; , 
Methods, 


condition of acidosis several! : 
The hydrog n ion econeentration of the 


d by Marriott’s method ED). \t the 


mbining power of the plasma by Van Slyke’s 


method 16) with the large siz €; apparatus was determined. 
Rabbits also were employed and about 7 ce. of blood were drawn 
from the jugular vein with the precaution mentioned by Van 
Slyk : Che flew in the tables 1 present the numberof ee. of CO. 
bound as biearbonate in 100 ce. of plasm i, reduced to O° and 
760 mn He. Ch abbits wel d I! ly with oats and wate! 
bef and during the experiment 


‘| 


he rabbits usually do not take food or water for 24 hours afte 


the injection of guanidine. This may influence the reaetion of the 


bloo 
anot 


relia 


d, and the spontaneous n phritis (18, 19, 20) in some eases is 


h r obst icle, Th Poy two factors mak the esults un- 
ble. Poo Com thes stacles th foll Wing procedure 
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was adopted. Five normal rabbits were examined for the com- 
pafison with the rabbits which were injected with guanidine. In 
each rabbit the first blood sample was drawn at 2 p.m. and then 
the rabbit was deprived of food and water until the afternoon of 


rABLE |! 


Va tlion of COw Capacity and of pH in the Blood in N mal and Nenp/ 
Rabbits hefore and afte Fast 
Bloo 
Bo a6 
Dd iad &£ a & I 
ei fm : _ 
fe 7 2. 
Dec. 26, 1917, 2 p.m. | 2,580 |0.128 47.27.3 | No evidence of kidney 
1] s 27, 1917, 8 a.m. 0.111 56.57.45 disease, no glycos ria 
p.m. 0 111.53 17 7) 
Dec. 31, 1917, 2 p.m 1,560 50.7;7 .4 N evidences ! 
23) 0 Jan 1,1918S,S8 a.m 0.122.52.5)7.5 ny disease 
tp.m 0.096 53.8 7.35 
py 10, 1917, 2 p.m 1,950 0.143 36.47.28 Heavy ilbumiur l 
22 « 31, Bit, a.m. 0.139 42.07.4 casts, no glyco 
fp.m. 0.119 34.07.25 
2, 1918, 2p. 1,760 0.089 42.97.2 Heavy bu 
a », LOIS, Sac 0.100 44.0 r}y 
tpn 0.099.43.27.4 
D 24, 1917, 2 p.m 2,780 |0.133'51.9:7.4 Nloder 
0 “ 25,1917,8 0.133'31.97.28 ind ¢ 
f p.m 0.122 32.07.25 
Ly 28, 1917 2p 2 620 :0.] 15.907 i ) By ss yo 
() M) 1917 » 0.1305] 4.4 yats | ( 
0. 1917.2 0.106 42.27.35 Dec. 29 30. all fas 


the lollowing day over 24 hours. The second blood was drawn 
the following morning, and the third sample in the afternoon. 
The urine of all rabbits was tested for albumin, casts, and sugar. 


In Table I Rabbits 21 and 23 have no evidences of kidney 


disease. No appreciable change in the hydrogen ion concen- 








rABLE Il. 
Variatior of CO, Capacity and pH in Blood before and after the Administration 
of Guanidine. 
Blood 
' Body 5 & 
weight Sa , - 
2 210 | 8 
Dec. 8.1917, Sa.m 1,800 0.11045.3:7.4 | 0.25 gm. of guanidine per 
12 2 p.m 0.190 kilo at 8 a.m. Symp- 
= 0.195 toms 1 hr. after inje 
* TU 0. 143/22 .5/7.2 tion 
Dec. 10,1917, 8 a.m 1.800 0.12545.07.45 0.2 gm. of guanidine per 
13 >p.m 0.075 kilo at 8 a.m Syimp- 
"i . 0.073) 23 .9)7 . 25 toms 10 min fter in- 
jection, 
Dec. 12, 1917, 9 a.m 0.11145.17.4 | 0.2 gm. of guanidine per 
f p.m. 0.105 44.07.45 kiloat Sa.m 
13, 1917.8 a.m ? 620 (0.105155 .5'7.5 Symptoms a few min. af- 
14 ip.m 0. 154/22.117.1 ter Ist injection 
14,1917, 
2.ou “ 0.100 20.47.1 | 0.12 gm. of guanidine per 
. ™ 0.087 .17.67.0 kilo at 8 a.m 
Dec. 14, 1917, 2 p.m 0.111 48.17.35 0.2 gm. of guanidine per 
kilo at 10 a.n 
15, 1917,S a.m 1,940 '0.095 44.17.35 No appreci ible symptoms 
13 3 p.m 0.195 44.3.7 .33 ifter Ist injection 
16,1917, 9a.m 0.133.54.5'7.5 | 0.15 gm. of guanidine pet 
3 p.m 0.077'35.3/7. 25 kilo at 9 a.m Svinp- 
; = 0.064 29.472 toms 10 min. after 2nd 
Injection 
Dec. 21,1917, 3p.m. | 2,120 '0.111/49.0/7.4 0.2 gm. of guanidine per 
kilo at 8 a.m 
22, 1917,8 0.10055.0:7.4. Symptoms 10 min. afte 
16 2 nom 0.13333 .9'7.15 Ist injection 
6 , @ , 
peer 0.118)31.9'7.1 
23.1917, 8 a.n 0.100 24.8'7.2 0.1 gm. of guanidine per 
!p.m 0.050.19.9 7.05 kilo at 8 a.m. 
Jan. 3,1918,S a.m 2,460 0.12554.5.7.4 | 0.2 gm. of guanidine per 
t p.m 0.080 33.9,7 .2 kilo at 8 a.m. Symp- 
. 
a 7 4,1918,S a.m 0.071'36.17.3 toms } hr. after injec- 
, 
tion, 
8 
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TABLE U—Concluded 


Blood 
a“ ei Body a2 
Z saa weight 23 - 
2 x 2s 
& i é -% 
Jan 5. LOIS, S acm 1.960 0.125'54.8:7.5 Q.? or f guanidine pe 
22 tp ant 0 159 10 27 > ki ) it & I revere 
6, 1918, 8 a.m. O.11131.97.15 symptoms 10 min. after 
inject n All minand 
casts in rit 
Jan 5.1918, 9 a.m 2,590 0. 130)47 .117.4 0.2 gm guanidine pe 
2x00 {p.n 0.089 31.9 7.2 kilo at 9 a.m Syvmp- 
6, 191S,9 a.m 0.082)22.5'7.15 toms 1! hr. after injec- 
tion Albumin and 
casts in urine 


tration or COc-combining power was observed in 24 hours under 
the fasting conditions. The other rabbits had albumin and som 
of them casts, and the blood had a tendeney to become more acid 
in the last specimen after fasting. In all cases there was a slight 
inclination toward acidosis. 

Table Il demonstrates that after the injection of the sublethal! 
dose of guanidine hydrochloride, marked acidosis appeared in 
every rabbit, as shown by the increased hydrogen ion concentration 
in the blood and the decrease in the alkaline reserve. 

In some cases, Nos. 14 and 16 which had been injected twic 
there was marked acidosis. No. 15 showed no appreciable 
symptoms of tetany following the first injection of the drug and 
no acidosis occurred. A second injection was made and this time 
svmptoms appeared | hour after the administration and late! 
distinct acidosis followed. All the other rabbits manifested 
symptoms of tetany after the first injection and acidosis developed 
in :ll cases. From these observations it appears that acidosis may 
appear only in those cases which show symptoms of tetany. In 
some cases two or three samples of blood were drawn at 7 or 18 
hour intervals, giving oats and water freely, and there was no 
evidence of acidosis. The administration of guanidine produces 


Ha eae 
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marked acidosis and, moreover, if the results on Nos. 22 and 
20, which have albuminuria, are compared to those of Table I in 
which no drug was administered, there is no more question that 
the condition of tetany produces a markedly high degree of acidosis. 


Gm excretion of Injection of O2 gm. of 
NNN in 24 hrs |Suanidine per kild 
008 





2nd day 
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to neutralize the 
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Relationship of Hypoglycemia to Acidosis. 


It was reported in the preceding paper (14) that the hypogly- 


So ORE II a a ° 


cemia occurring several hours after guanidine injection is also mani- 
fested after parathyroidectomy and it may be considered from 
the above evidence that the hypoglycemia thus produced is the 
secondary phenomenon of guanidine poisoning. The estimation 
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of blood sugar was carried on in the present investigation. In 
cases where guanidine was not administered the blood sugar 
remained normal but where guanidine was given the hypoglycemia 
Was produced several hours after the injection in most cases. 
The specimens with the low percentage of sugar show a high 
acidosis. However, the hypoglycemia and the acidosis are not 
strictly parallel, for some cases show a high acidosis and no 
hypoglycemia. Henee we may consider that certain other factors 
might play a part in this phenomenon. ‘To make clear the intt- 
mate relation which exists between acidosis and hypoglycemia, 
the urine and blood of one rabbit were examined at the same time 
before and after guanidine administration. After the injection 
of the drug the ammonia in the urine became extremely high and 
also there appeared a high ratio of ammonia to total nitrogen, 
At the same time the urine became neutral and there was a de- 
crease in the hyvdroge n ion concentration. The blood showed a 
marked decrease in alkaline reserve and a high hydrogen ion con- 
centration. ‘The chart shows the relationships between the results 


on the urine and blood. 


SUMMARY. 


lL. The injection of guanidine produces a marked increase in 
hvdrogen ion concentration and a decrease in the COs capacity 
of the blood following the manifestation of symptoms of tetany. 

2. The hypoglycemia which appears after the administration 
of guanidine is manifested only after the acidosis becomes severe, 
and there is no parallelism between the severity of acidosis and 
hypoglycemia. 

The injection of large doses of guanidine or of several small 
doses into rabbits produces increased elimination of ammonia, 
and the ratio of ammonia nitrogen to the total nitrogen is increased. 
At the same time there isa decrease of acid excretion and a lower- 
ing of the hydrogen ion concentration of the urine (14). These 
phenomena also appear in tetania parathyreopriva. A_ high 
degree of acidosis is produced following the symptoms of tetany 
by the injection of guanidine. From the above facts we are 
inclined to believe that the excretion of the excess of NH; in the 
urine in tetany is a protective mechanism for the liver to neutralize 
the acid which is produced by the excess muscular activity, 
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rather than the depression of the function of the liver as suggested 
by Carlson and Jacobson (1), and in the course of this investiga- 
tion we noted that the more the excitation the greater the elimina- 
tion of ammonia. 


CONCLUSION. 


The metabolic effects induced by the administration of guani- 
dine hydrochloride to the animal body resemble strikingly those 
of tetania parathyreopriva, such as excess of ammonia, decrease 
of acid elimination in the urine, and the development of acidosis 
in the body. These facts further strengthen the assumption that 
guanidine plays an important réle in the development of tetany. 


The writer is indebted to Professor F. P. Underhill for his 
advice throughout the investigation. 
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It has been demonstrated that the hypoglyv emia manifested 
thvreopal ithvroidectomy, l can also be produced DY the injection of 
guanidine hydrochloride (2). Ina recent communication (3) it was pointed 
ihn intimate 


out that the hypoglycemia after injection of guanidine has 


connection with the development of acidosis in the animal body whicl 
prot ibly caused by the violent muscular activity It was pointed out 


also that there is no strict parallelism between the acidosis and hypo- 
gly cemia, for in some Cases there Is a high acidosis without hypogl y« emia 
Thus we may consider that other factors play a part in this phenomenon 


Underhill and Blatherwick (4) demonstrated that the hypoglycemia and 
the condition of tetany produced by thyreoparathyroidectomy can 
tact seems 


emporarily by injecting calcium lactate, which fac 
The repeated injection 


ibolished t 


point to a calcium deficiency as a factor in tetany. 


of calcium lactate maintained the normal level of blood sugar content 
while cessation of calcium treatment led to a state of continued hypogly- 
cemia, They deduced from the above phenomena that, in tetany, calcium 
plays an important part in maintaining the equilibrium of the sugar- 


regulating mechanism. When there is a sufficiency of calcium the blood 


sugar level is normal, while a deficiency of calcium is correlated with low 


blood sugar content. 


From the above facts it seems possible that the low blood sugar 
content, induced by injection of guanidine, may be raised to the 
normal level by the injection of calcium. The present investiga- 
tion has been instituted to test this point. 


ria) 











74 Studies in Metabolism. IV 


Me thods. 


Rabbits were used and the blood sugar and COs capacity of the 
plasma were estimated with the methods mentioned in the pre- 
vious papers. Calcium lactate was injected subcutaneously after 
the production of guanidine hypoglycemia, and the sugar con- 
tent and COs capacity were compared before and after calcium 
Injection, 

The sublethal dose of guanidine hydrochloride was given to 

ry rabbit, though it was divided and given at intervals of 
several hours in order to prolong the period of hypoglycemia 
which pree des the terminal convulsion. In most cases the 
first injection was made on the day previous to the one on which 
calcium was given. One specimen of blood was drawn before 
euanidine Was injected to serve as a norma! standard. The 
second injection of a smaller dose of the drug was given the 
following morning. The hypoglycemia appeared several hours 
after the second injection, in most cases; then a 5 per cent solution 


of calcium lactate was given subcutan¢ ously. 


DISCUSSION, 


In four out of eight experiments there was no recovery of the 
normal blood sugar level. In two cases (Nos. 3 and 4) blood sugar 
content remained normal throughout the experiment. Guanidine 
hypoglycemia was not in evidence and the injection of calcium 
was without significant influence upon the level of blood sugar. 

In two other instances (Nos. 8 and 10) blood sugar content was 
apparently restored to normal or even above by calcium injection. 
Both rabbits had had previous injections of the drug. In 
Paper III it was stated that the second or third injection pro- 
duced hypoglycemia only after a larger dose of the drug. Under 
these conditions all the animals die. In Rabbit 10, a very slight 
degree of hypoglycemia was manifested, and No. 8 showed no 
hypoglycemia. Both of these animals were in better condition 
than the other cases until death. After calcium administration 
the blood sugar content increased. Hence we may remark that 
previous injections of guanidine so alter the metabolism that no 
hypoglycemia occurs in spite of high acidosis. All the rabbits 
showing guanidine hypoglycemia are weak and sensitive and 
recover with difficulty. Moreover, the manipulation of taking 
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rABLE |! 


Rabbit 8 (2,000 am 


Experimental day : oe Re k 
ity. 
Ist day, 3 p.m. | 0.097) 49.7 
2nd “ 10 a.n 0.2 gm. guanidine hydrochloride pet 
subcutaneously at 10 a.m hy teY 
Syinptoms appeal 
9" 0.111 0.05 gm. guanidine hydrochloride pet 
subcutaneously it 8.20 an Anis 
sensitive 
tees 0.097 Svmptoms reappear at 11 te 
oy 5 9 
n(y « 0.100 sce. 5 per cent calcium lactate per 
subcutaneously at 2.50 p.m. Anin 
sensitive 
bo “ 0.125 25.5 | From 4.30 p.m. condition of animal g¢ 
ia 0.175 19.0 During withdrawal of blood animal died 


With convulsion. 


blood from the jugular vein and the large quantity demanded 
7 or 8 ce. several times a day) result in a depressed condition. 
The rabbits died, in most cases, a few hours after calcium injection. 

In most cases, administration of calcium had no effect on the 
(Os capacity of the plasma. 

This is true even in the case in which the blood sugar increased 
after the injection of calcium. Rabbits 2 and 6 had no high 
acidosis but marked hypoglycemia, while No. 8 shows high acidosis 
but no hypoglycemia. 

In most cases, injection of calcium solution improved the 
condition of the animal and diminished the excitation, though the 
life of the animal was not prolonged. Beside the above experi- 
ments two rabbits, which had had guanidine administered, were 
injected with calcium at the time ef the most severe symptoms 
| or 2 hours after guanidine injection—but the calcium had no 
effect on these symptoms. 

Although the above experiments failed to demonstrate the 
restoration of the blood sugar level by calcium injection in con- 
dition of guanidine tetany, the condition may be different from 


that of parathyroid tetany where any increase in guanidine in 
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TABLE II 
Rabbit 6 2 O40 qm. 
Plasma 
Blood CO: 


sugar. | capac- 
ity 


Experimental day 


Remarks 


per cent 
Ist day, 3 p.m. | 0.100) 57.2 
2nd “ 10 a.m 0.2 gm. guanidine hydrochloride per kil 
it 10 a.m From 10.20 a.m. dyspnea 
twitching of head, then depression 
At 4 p.m diarrhea, disturbance of balance 


+ 


twitching of muscles. 


rd day, 0.05 gm. guanidine hydrochloride per kilo 
10.20 “* 0. 092 at 9 a.m 11 a.m. depression and twitch- 
ing ot head 
1.30 p.m 0.072 
_ 0.064) 38.5 ,ee. 5 per cent « ilcium lactate solution per 
kilo subcutaneously at 2.10 p.m. Fron 
3.30 p.m. condition of animal bette 
: ” 0.056; 37.6 Depression, otherwise normal. 
; 7 0.044) 31.5 7.10 p.m convulsion, opisthoton is, and 
death. 


the body, if the guanidine is the only cause of tetany, may be more 


gradual than under the present experimental conditions. 
SUMMARY. 


he present experiments confirm previous observations that 
there is a correlation between the hypoglycemia and acidosis 
induced by guanidine injection. It is also probable that factors 
other than the conditions of acidosis play a réle in the disturbance 
of equilibrium of the sugar-regulating mechanism thus manifested. 

[In animals with guanidine hypoglycemia injection of calcium 
lactate failed to restore the blood sugar content to normal. 

Unlike the tetany induced by thyreoparathyroidectomy that 
involved by guanidine is not abolished by calcium administration. 
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THE STOICHIOMETRICAL CHARACTER OF THE ACTION 
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It is generally believed that the reactions of colloids do not obey 
the stoichiometric laws of general chemistry. This viewpoint 
is illustrated clearly in the discussion of the action of neutral 
salts upon such physical qualities of proteins, as the swelling power 
of gelatin. The colloid chemists state that acetates, sulfates, 
tartrates, and citrates influence the swelling in the opposite sense 
from chlorides, bromides, and nitrates, the latter causing more 
swelling of the gelatin than distilled water, while the former cause 
a shrinking of the gelatin. Moreover, they claim that the rela- 
tive efficiency of the anions of the same group varies in a definite 
order. The influence of the cations is stated to be negligible. 
In a previous paper the writer has already reported facts showing 
clearly that the effect of neutral salts upon the swelling of gelatin 
is of a stoichiometrical character... Thus it was shown that all 
the univalent cations of neutral salts, Li, Na, K, and NH4,, influ- 
ence the swelling of gelatin at exactly the same concentration no 
matter what the nature of the anion; and the writer had also 
proved that only an unsuitable method was responsible for the 
erroneous statements of the colloid chemists concerning the in- 
fluence of salts upon the swelling of gelatin. 

The source of error into which the colloid chemists have fallen 
in this case is not difficult to understand. It happens that an 
adequate chemical reaction between neutral salts and proteins 


1 Loeb, J., J. Biol. Chem., 1918, xxxiii, 531, 
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occurs only when the salt is added in excess, and it also happens 
that a number of the physical qualities of the new salt-protein 
compound only beéome apparent if the excess of the salt which 
acted upon the protein is afterwards washed away. In most 
previous experiments the effect of the salt upon the protein was 
tested in the presence of the salt; so that when little salt was 
used no or too small an effeet on the protein was produced and 
When too much salt was used the salt present prevented the mani- 
festation of the new qualities of the salt-protein product. Thus 
in Hofmeister’s experiments’? the swelling of a block of gelatin 
Was measured in the presence of an excess of salt and he measured 
In Ve ality the resultant of two opposite effects; namely, the mass 
action of the salt upon the protein and the inhibiting effect of the 
salt upon the swelling of the new salt-protein compound. It is 
no wonder that with such methods no stoichiometrical results 
were obtained. 

Our method consisted in perfusing 2 gm. of finely powdered, 
non-bleached gelatin of equal size of grains (going through sieve 


size 50 but not through 60) twice with 25 ec. M/S NaCl. It was 


assumed that with this excess of salt a certain percentage of the 
gelatin molecules would react with the NaCl and form a new 
‘compound, The gelatin molecules being amphoteric but strong 
acid than as base should form with the salt a compound which 
‘will symbolize as Na-G (sodium gelatinate). When we remo, 
the salt by perfusing the powder four times with 25 ce. of H.O 
the Na-G formed is supposed to remain after the salt solut 
washed away. Hence it 1s the additional swelling of this sodium 
gelatinate which served for the experiments in our previou 
published notes 

This compound dissociates lectrolytically into G +4 \ 


1 gelatin t ited 


as indicated by the fact that in the electrical fir 
with NaCi, and then washed with HeO, migrates exelusiy 
the anode (as does the gelatin not treated with salt, which is a 


stronger acid than base). This leaves the question open wheth 


or not the Cl combines also with the gelatin or whether the r 
action 1s only betwe eh Na and gelatin: in oth 7 words, Which of 


the two following possible reactions takes place? 


Hofmeister, F., Arch. exp. Path. u. Pharm., 1891. xxviii, 210, 
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/NH.H .OH /NHLHCI 

1. Gelatin + NaCl = gelatin + HO 
\COOH \COONAa 
.NH. HOH /NH,HOH 

2. Gelatin + NaCl = gelatin + HC) 
COOH COONa 


If the second type of reaction takes place, free acid, HCl, 
should appear in the supernatant salt solution. This was ap- 
parently not the case in our experiments. It should, however, 
be borne in mind that at least part of any free acid formed 
would combine with the gelatin and this combination between 
HCl and gelatin might occur not only in molecules of the type 


Le ls 
NH.HOH 


gelatin but alsoin the molecules not in combination with 
COONa 
NH,HOH 
Na; namely, gelatin It is very probable that thi 
COOH 


reaction between gelatin and NaCl in our experiment is not com- 
plete; 7.c., docs not transform all the gelatin molecules into Na ge- 
latinate. If, therefore, part of the acid is caught by the gelatin, the 
fact that the reaction of the supernatant salt solution does not 
become markedly acid does not speak against the assumption that 
the reaction which occurs is the second reaction, which results in 
the formation of asodium gelatinate. The decision of the question 
is not essential for our present purpose. We may state that when 


we treat gelatin with an excess of NaCl a compound is formed 


which dissociates electrolytically into Na and a negativ ‘ly charged 
gelatin ion. If this gelatin ion contains also Cl the Cl is held in 


non-dissociable or less dissociable bondage; so that for all practical 
purposes we are dealing with a compound which we may eall 
sodium gelatinate and which we will symbolize as Na-G. 


NH.H.OH 


Non-treated gelatin of the type gelatin swells in 
\COOH 


distilled water, but the swelling soon reaches itsmaximum. Sodium 
gelatinate swells also when perfused with an M/8 NaCl solution 
and reaches a maximum (which is lower than that of non-treated 
gelatin in H.O). This swelling is the znztial swelling which has 
nothing or little to do with the effeet of the salt and which will be 
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disregarded by us. If we remove, however, the excessive salt by 
perfusing the powder repeatedly with a NaCl solution weaker 
than M/8 we find that below a definite concentration (mM 64) of 
NaCl an additional swelling of the gelatin takes place, which 


beeomes the greater the greater the d’ of the washing solu- 
tion. This additional swelling which i rue effect of the salt 


upon the swelling of the gelatin we assumed to be due to the 
existence of the negative gelatin ion. That the gelatin ion has a 
negative charge in this case has nothing to do with the phenomenon 
of additional swelling, since positively charged gelatin ions (e.g., 
gelatin treated with acid) also give rise to an additional swelling. 
The assumption that the ionization of the gelatin is responsible 
for the additional swelling is not necessary for the proof of the 
stoichiometrical character of the influence of neutral salts on the 
swelling, though everything speaks in favor of this assumption. 

The fact of importance for us is the following: An excess of 
NaCl is necessary to cause the formation of Na gelatinate and the 
additional swelling only begins to appear if the excess of the salt 
is removed and the m/8 NaCl solution is replaced by a m 64 
NaCl solution. If the M/8 NaCl is replaced by a still weaker 
NaCl solution the additional swelling becomes still greater. 
The stoichiometrical character of the inhibiting influence of neutral 
salts upon the additional swelling is revealed in the following facts. 

1. All neutral sodium salts with monovalent anion have under 
the conditions of the experiment the same. limiting molecular 
concentration for the beginning of the additional swelling, namely 
M64 (Table I, Group 1). 

2. All neutral sodium salts with bivalent anion have the same 
limiting molecular concentration for the beginning of the addi- 
tional swelling which is M/128—-exactly half as large as that for 
the salts with monovalent anion. Since a M/128 solution of 
Na SO, has approximately as many sodium ions in solution as a 
mM 64 NaCl solution, we can say that in all neutral solutions of 
a sodium salt with monovalent or bivalent anion the limiting 
concentration for the additional swelling is determined by the 
concentration of Na ions in the solution which is mM ‘64 regardless 
of the anion (Table I, Group II). 

3. The limiting concentration for the additional swelling remains 
the same when the salts treated first with M/S NaCl are after- 
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wards perfused with neutral solutions of salts of Li, K, and NH, 
with monovalent or bivalent anion (Table I, Groups I and II). 

1. Non-electrolytes, like cane sugar, glycerol, aleohol, have no 
such limiting effect upon the additional swelling in concentrations 
of 2m and below, but behave like distilled water (Table I, Group 
V). 

These four facts are only comprehensible on the assumption 
that the additional swelling of gelatin depends upon the formation 
of well defined metal gelatinates in which the metal ions, Li, 
Na, K, and NH,g, can replace each other in the same stoichiometric 
way as in the case of simple inorganic salts. The fact that the 
nature of both bivalent and univalent anions and univalent cat- 
ions of the salt are of little if any importance fits well with the 
assumption that it is the ionization of the metal gelatinate which 
determines the additional swelling (Table I). 

In order to understand the figures it should be stated that the 
perfusion of gelatin occurred in cylindrical funnels of the same 
diameter so that the increase in the height of the cylinder, expressed 
in the table in millimeters, was the measure of the swelling. The 
measurements were usually made after 24 hours to allow all the 
water which was not held by the gelatin or in the minute capil- 
lary spaces between the granules to run off.*"! 

The perfusion of the 2 gm. of gelatin with 50 ec. m/8 NaCl 
causes a considerable initial swelling which does not increase 
when the perfusion with M/8 NaCl is repeated. When, however, 
for the subsequent perfusion (following that with m/8 NaCl) 
a weaker solution, namely m /64 or M/128 NaCl, is used, additional 
swelling takes place and this additional swelling is the true effect 
of the previous salt treatment upon the swelling of gelatin. As 
long as this additional swelling is less than 3 or 4 mm. in the 
height of the cylindrical mass of gelatin it may be disregarded 
since this is within the limits of unavoidable variation, due mainly 
to the formation of air bubbles in the mass and the error in measur- 
ing the height of the cylinder. The real additional swelling begins 
with an increase of 5 or 6 mm. in the height of the cylindrical 
mass of gelatin. The figures in Table I give this increase in 
the height of the cylindrical mass of gelatin in millimeters. The 


3 Loeb, J. Bio!. Chem., 1917, xxxi, 343. 
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S4 Action of Neutral Salts orf Gelatin 


reader will notice that the increase between 5 and 7 mm. lies at 
ou / 64 for all salts of Group I (type NaCl), while it lies at m/128 
for all salts of Group II (type NaeSO,) regardless of the nature of 
the anion. This is the most fundamental of our results whereby 
the fact is established that we are dealing with simple chemical 
substitution phenomena. 

Perfusion of Na gelatin with m/128 solutions of the salts of 
Group I (type NaCl 
15 mm. in the height of the cylindrical mass of gelatin; the same 


) causes an additional swelling of from 10 to 


quantitative effect is found for concentrations of M/256 for salts 
of Group IT (type NaesSO,). All through the table it is obvious 
that the salts of the type NasSO, give the same figures for addi- 
tional swelling when their molecular concentration is one-half of 
that for Group I, tvpe NaCl. This is true regardless of the nature 
of the anion or cation, as long as the latter belongs to the alkali 
group including NH,,. 

When we perfuse the gelatin (previously treated with mM/8 
NaCl) with solutions of non-electrolytes sugar, glycerol, alcohol) 
of different concentration we get the same effect as when we use 
distilled water. This is one of the reasons why we are inclined to 
assume that the limiting concentration for the action of neutral 
salts upon swelling is that concentration which allows so many 
of the sodium gelatinate molecules to dissociate electrolytically 
that the additional swelling can begin. If our assumption is 
correct, the figures given in Table I might be utilized to calculate 
roughly the degree of electrolytic dissociation of the Na gelatin 
molecules in the solution of a salt of a given concentration, by 
taking the dissociation in H.O as 100 per cent. 

The reader will notice that we do not utilize the absolute amount 
of swelling as a criterion for our conelusions, but use only equal 
swelling in different concentrations of salt. The absolute swell- 
ing cannot be estimated by our figures since they include not only 
the water held inside the gelatin grains (the true swelling) but 
also the water held in the fine capillary spaces between the powdered 
granules which, however, may be only a comparatively small 
quantity. 

It seemed desirable to see whether we could determine the 
limiting concentration for the swelling caused by neutral salts of 
Type I (NaCl) and Type II (NaeSO,) a little more accurately. 
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For this purpose 2 gm. of powdered gelatin were perfused twice 
with 25 ec. M/8 NaCl and then with solutions from between 
16 M/512 to m/512 of different salts of Types I and II. In this 
case we found again that the molecular concentrations of salts of 
Type I (NaCl) which just permit swelling are twice as great as 
those for salts of Type II (Na.SO,), and that the limiting concen- 
trations are approximately between 3/512 and 4/512 for Salts 
II (NaeSO,yand between 3/256 and 4/256 for Salts I (NaCl) 
(Table IT). 
TABLE Il. 


More accurate determinations of the limiting concentration of different salt solutions 
upon the additional swelling of column of sodium gelatinate 


NaCl 1.5) 1 2 3.55 7 11.5 Be 
NaNO 1.5: 3.5) 2 2 i8.5 | 8.5 13 23 

NaBr siul aoa 3.5] 3.5/5.5 | 8 14 24 
NaCNS 2 3 3 3.5/4 9 14 19.5 
LiCl 1.5) 2 2 2 {1.57 & 10 18 

Ix acetate 2 l 4 $.53 10.5 16 26.5 
NH,Br 0 2.513 (4.517 14 22 
NH4)2SO, l l 0 0 |1 l 2.5) 4.5; 8 113 (21 
Na. malate l 0 l 0 0.5 1 i §.5)10 (22.5 
Nay tartrate l 1 l 1 O 1.5) 3.5) 5.5) 9 = |16.5/22.5 
Na» oxalate 0 ] 2 : 2 5.5) 5.5) 9 |12 
KoSO, eg 1.511.514 5 3 i183 


From these facts it follows that only the cation inhibits the 
swelling in this case and that univalent cations, Li, Na, K, NH4,, 
all act in exactly the same way in the same concentration no 
matter what the nature of the anion is. We can, therefore, use 
the limiting concentration of a neutral salt for the additional swelling 
of sodium qgelatinate as a rough method for determining the molecular 
concentration of the salt and for this reason we are entitled to state 
that the action of the neutral salts upon the swelling of gelatin ts of 
a strictly stoichiometrical charactes. 

In all the experiments thus far reported we always used the 
same ion-gelatin compound; namely, Na gelatinate prepared by 
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treating the gelatin with M/8 NaCl. We have stated in a previous 
paper that we get the same results when we first treat the gelatin 
with some other neutral salt; e.g., LiCl. 

The effect of the neutral salts of the alkaline earth metals re- 
quires a special discussion. We have found that the salts of Mg, 
Ca, Sr, and Ba do not cause an additional swelling, and we are 
forced to the conclusion that such salts form either non-ionizable 
gelatin compounds or compounds of a different type from those 
which originate when saits of the alkali metals combine with 
gelatin. Pfeiffer and von Modelskit have shown that Ca forms 
with amino-acids and betaines compounds containing two or three 
atoms of amino-acid in the molecule; namely, 

AC] AC] 
Cax as Wellas Ca 
AC] AAC] 


The idea suggestsitself that similar products originate when the 
metals of the alkaline earths combine with proteins like gelatin 
and that these larger compounds (of the type calcium gelatinate) 
do not cause any additional swelling. We will represent such com- 

gelatin 
pounds under the symbol Ca while the compound really 
‘gelatin 
formed may be of a more complicated or different nature than 
represented by our symbol and may also contain Cl. If it is the 
ionized gelatin which causes the additional swelling it follows 
that such compounds as calcium gelatinate do not dissociate 
electrolytically or if they do so their ionization will result in the 
formation of a polymerized or otherwise more complex gelatin 
anion, which for some unexplained reason is not capable of swelling. 

That the neutral salts MgCh, MgSO;, CaCh, CaSO,, SrCle, 
and BaCl, react with gelatin under the formation of definite 
metal gelatinates and that these compounds determine the nega- 
tive influence upon swelling is indicated by the fact that the limit- 
ing concentration is identical for all these salts; namely, about 
mM 512 (Table I, Groups III and IV). This means that when we 
first perfuse gelatin with m/8 NaCl to form sodium gelatinate and 
then wash the NaCl away with solutions of salts of the alkaline 

‘ Pfeiffer, P., and von Modelski, J., Z. physiol. Chem., 1912, Ixxxi, 329; 
1913. Ixxxv, 1. 
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earth metals, the additional swelling begins to appear when the 
concentration of the CaCl, ete., is about Mm 512 or below. The 
fact that CaChk and CaSO, and MgCl and MgSO, act alike 
confirms again the stoichiometrical character of the action of these 
salts on the gelatin. 


IT. 


Hardy made the discovery that proteins when treated with 
acid migrate to the cathode and when treated with a base to the 
anode, and this fact was first interpreted as a ‘‘colloidal”’ phe- 
nomenon due to the ‘‘adsorption” of the H or HO ion by the pro- 
tein® or to the “transfer of the electric charges’’ of these ions to 
the protein. The writer pointed out that no such explanation 
was needed and that the phenomenon was a simple case of electro- 
lytie dissociation due to the fact that the protein molecule is an 
amphoteric electrolyte, which in the presence of acid must dis- 
sociate as a base and become a cation, while in the presence of 
base it must dissociate as an acid and become an anion.’ This 
chemical view has since been generally accepted but with an 
important alteration suggested by Hardy that when acid is added 
to a protein a salt is formed which dissociates into the anion of the 
acid added and a positive protein ion.” 


NH.HOH NH.HCl 

R + HC] >R + HO 
COOH COOH 
NH.HC! , NH.H 

R > R Cl 
COOH COOH 


Therefore, if we treat gelatin with acid, e.g. HCl, a salt (gela- 
tin chloride) is formed which dissociates into a positively charged 
gelatin ion and a negatively charged chlorion. When a 1 per 
cent solution is made of gelatin previously treated with HC] 
the gelatin no longer migrates to the anode but to the cathode. 

This new compound, gelatin chloride, which dissociates into 


* The protein ion was supposed to be charged positively by the adsorbed 
H ion and negatively by the adsorbed HO ion. 
6 Loeb, University of California Publications, Physiology, 1902-04, i. 149. 
a Hardy, W.B., J. Physiol., 1905-06, xxxiii, 251. 
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gelatin and Cl gives us an ideal chance to test our stoichiometric 
theory. If this theory is right we should expect that if we first 
treat powdered gelatin with dilute HCI, and follow this with three 
or four perfusions with various concentrations of neutral salts, we 
should expect the following results: 

1. Neutral salts of the type NaCl (e.g. univalent anion, univalent 
cation) should permit additional swelling of gelatin chloride at the 
same degree of dilution which under the conditions of our ex- 
periments Was again M/ 64. 

2. Neutral salts of the type CaCl: (7.e. alkaline earth metals 
and univalent anion) should cause additional swelling of gelatin 
chloride in molecular concentrations exactly twice as dilute as 
salts of the type NaCl; namely, from m 128 down. The reader 
will notice that CaCl, should act upon gelatin chloride exactly 
as salts of the type NaeSO, acted upon sodium gelatinate in the 
previous experiments reported in Table I. 

3. Salts of the type NaeSO, (7.e. univalent cation, bivalent 
anion) should allow additional swelling of gelatin chloride in con- 
centrations from mM, 512 and below; in other words, NaSO, 
should act upon gelatin chloride as CaCl did upon the sodium 
gelatinate in the previous experiments. It should form more 
complicated compounds symmetrical to those presumably formed 

zelatin 
by negative gelatin with Ca, expressible in the symbol SO 
‘gelatin 
gelatin 
corresponding to the symbol Cax discussed previously. 
\gelatin 

These predictions are fulfilled not only qualitatively but also 
quantitatively, as Table III shows. 

In order to understand the results of this table it should be said 
that the preliminary perfusion with 50 ec. m/ 100 HCl caused a 
considerable swelling, due to the strong ionization of the gelatin 
chloride formed and the low concentration of the HCl solution 
used for perfusion. When such a mass containing gelatin chloride 
was then perfused with a neutral salt above a certain critical 
concentration the ionization of the gelatin chloride was dimin- 
ished and hence the gelatin gave off water and the swelling was 
reduced. Instead of causing an additional swelling the higher 
concentrations of the salt, m/8 or M/16, ete., cause a shrinkage 
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indicated by the negative sign in the table. This shrinkage 
ceases with that degree of dilution of the salt solution which no 
longer diminishes the original degree of electrolytic dissociation 
of the gelatin chloride, and with the next degree of dilution the 
additional swelling of the gelatin begins, indicated in the table by 
a plus sign. 

We have arranged the salts in the same groups as in Table I. 
The first group includes the salts with univalent cation and anion. 
The additional swelling of gelatin chloride begins in the same 
dilution (with the exception of Na acetate which will be discussed 
later) as was the case for the sodium gelatinate in Table I; namely, 
at M/64. Second, it can be seen that the additional swelling begins 
in Group III (type CaBre) for our gelatin chloride at exactly twice 
the critical dilution as for Group I; namely, at m/128. This proves 
that regardless of the nature of the cation the additional swelling 
begins at exactly the same concentration of the (univalent) 
anion, and the value is the same for different univalent anions, 
for the simple reason that if a gelatin chloride is treated with a 
nitrate, gelatin chloride is transformed into gelatin nitrate. 

Finally, the bivalent anions behave toward gelatin chloride as 
do the bivalent cations toward sodium gelatinate; namely, they 
begin to permit additional swelling at a concentration of M/512. 
We assumed that this behavior was due to the formation of larger 
complexes of gelatin symbolized in the form SO, gelatine or SO, 
gelatins, which apparently do not ionize. 

The acetates, Na acetate as well as Sr (acetate)s, behave like 
the bivalent anions, for some unexplained reason possibly con- 
nected with hydrolytic dissociation. 

Wherever shrinking effects of sulfates, oxalates, ete., upon the 
swelling of colloids actually occur, we are probably dealing 
with cases of protein salts of the type gelatin chloride, which are 
transformed into salts of the type of protein sulfate, this latter 
type being as incapable of swelling as salts of the type calcium 
gelatinate. 

It might be argued that the statements of colloid chemists con- 
cerning the specific effects of anions are correct when applied to 
gelatin chloride. Thus the shrinking influence of the sulfates 
and acetates might be claimed as a confirmation of their views. 
Such a statement would overlook, first, the fact of the qualitatively 
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and quantitatively identical action of sulfates, oxalates, tartrates, 
malates; second, of the identical action of Cl, Br, NOs, CNS; and 
third, of the identical action of Li, Na, Kk, NH,g, Meg, Ca, Sr, and 
3a. The truth is that the influence of neutral salts upon the 

additional swelling of gelatin chloride is essentially of a stoichio- 
metrical character, though for some unknown reason acetate acts 
abnormally. 

We have assumed that gelatin chloride reacts with neutral salts 
only by exchanging its anion. Hardy and Pauli’ have suggested 

different reaction; namely, 

NH.HCl1 YNH:HC1 
R + KCl R + HCl 
COOH COOK 

If such a reaction takes place it is difficult to understand why 
CaCl. does not act in the same way upon gelatin chloride as it 
does upon sodium gelatinate; namely, by reducing its critical dilu- 
tion (where additional swelling begins) to m ‘512, which is not the 
ease. The fact that MgSO, behaves like NasSO,4 also suggests 
that only the anion of the neutral salt reacts with the gelatin 
chloride and that the cation does not participate in the reaction. 

We, therefore, see that the limiting concentration of a neutral salt 
for the additional swelling of gelatin chloride could be used as a rough 
method for determining the molecular concentration of the salt. This 
is only another expression for the fact that the influence of neutral 
salts upon the swelling of gelatin is of a purely stoichiometrical 
character. 


Ill. 


When we treat gelatin with NaOH, sodium gelatinate is formed. 
This swells considerably, presumably on account of its high degree 
of electrolytic dissociation into a negative gelatin and a positive 
sodium ion. When we put such gelatin into a neutral salt solu- 
tion that part of the swelling which is due to ionization of the 
protein (the “additional” swelling) should be suppressed as soon 
as the concentration of the salt solution reaches a certain critical 
value. 

We assumed that when we treat gelatin with a neutral salt with 
bivalent cation, NaCl or K.SO,4, sodium or potassium gelatinate is 


> 


> Pauli,W., Fortschr. naturwiss. Forschung, 1912, iv, 223. 
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formed with a high ionization constant; while the anion of the 
neutral salt, Cl or SQy, does apparently not combine with the 
gelatin; or if it combines does not participate in the electrolytic 
dissociation. We have a chance to put this view to a test, since, 
if it is correct, gelatin treated previously with a neutral salt should 
behave like that treated previously with NaOH. 

2 gm. of powdered gelatin were perfused twice with 25 ec. Mm’ 100 
NaOH to form sodium gelatinate. The mass underwent a cer- 
tain amount of swelling, the znztial swelling, which will not be 
considered in the following figures. The mass was then perfused 
three times with 25 ce. of solution of different neutral salts, from 
um 8 to H.O, to find out the limiting concentration where the 
different salts permit the beginning of the additional swelling. 
We notice that for Group I (type NaCl) this limiting concentra- 
tion where the effect becomes positive is M32; the salt with a 
weaker acid, Na acetate, and a weaker base, NH,Br, forming 
exceptions in an opposite sense—possibly due to hydrolytic effects. 
The limiting concentration for salts of Group II, type NaSO,, is 
one-half of the preceding, namely mM ‘64; for salts of Type III 
(CaCl) and for Type IV it is M/256. 

The relative values for these three groups are the same as for 
sodium gelatinate produced by the action of NaCl upon gelatin 
namely, NaCl: NaSO,: CaCl 1: 2:8. 

The absolute values for the limiting concentration of these 
different salts for additional swelling are about but not quite 
twice as high for the sodium gelatinate produced by NaOH as 
for sodium gelatinate produced by NaCl. 


Theoretical Remarks. 


Our experiments were carried on with two types of gelatin salts, 
sodium gelatinate and gelatin chloride. The former is produced 
by the, action of NaOH or NaCl, the latter by the action of HCl 
upon gelatin. 

The reaction between the type sodium gelatinate and neutral 
salts takes place by the exchange of the cations; the anions of the 
neutral salts apparently not entering into the reaction with the 
gelatin. The reaction between gelatin chloride and neutral salts 
consists in an exchange between the anions, the cations apparently 
not participating in the reaction. 
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The gelatin compounds with univalent cation or anion, e.g. Na 
gelatinate and gelatin chloride, are capable of swelling, while the 
gelatin compounds with bivalent anion or cation, e.g. Ca gelatinate 
and gelatin sulfate, are not. The swelling of the former two types 
is apparently due to ionization and we may infer that the antag- 
onistic effect of the Ca upon sodium gelatinate and of SO, upon 
gelatin chloride is due to the formation of compounds not or less 
capable of ionization. Such an inference, though supported by 
certain facts, must, however, still be proved more directly before 


it can be accepted. 


SUMMARY. 


The new method deseribed in previous publications for the 
determination of the effeet of neutral salts upon the swelling of 
powdered gelatin has been applied to sodium gelatinate prepared 
by the action of M 100 NaOH and to gelatin chloride prepared by 
the action of mM 100 HC] upon gelatin. 

1. It was found that the additional swelling of gelatin chloride, 
produced by the action of M’/ 100 HCl upon gelatin, is inhibited in 
the solutions of neutral salts of univalent metals and univalent 
anions tvpe NaCl) in concentrations above M64 and by salts with 
bivalent metal and univalent anions (type CaCl.) in concentrations 
exactly half as high, namely above M128, no matter what the 
nature of cation oranion. Salts with bivalent anion (type NasSO, 
have a limiting concentration of a much lower order; namely, 
M O12. 

2. It was found that the additional swelling of sodium gelatinate 
produced by the action of M- 100 NaOH upon gelatin) is inhibited 
in the solution of neutral salts of the type NaCl when the concen- 
tration is above between M/32 and m/64, and of salts of the type 
NaeSO, when the concentration is half as high, namely above 
between M 64 and M 128, no matter what the nature of the cation 
oranion. Salts with bivalent cation, type CaCh, inhibit additional 
swelling in concentrations above between M/256 and mM/512. 

3. It was found that the additional swelling of sodium gelati- 
nate formed by the action of high concentrations (M/ 8 or M/4) 
of NaCl upon gelatin is inhibited in the solutions of salts with 
univalent metal and univalent anion (type NaCl) in coneentra- 
tions above M/64, and by salts with bivalent anion and univalent 
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cation (type NaeSO,) in concentrations exactly half as high; 
namely, above M/128. The limiting concentration of salts with 
bivalent cation (type CaCl) is M/512. The neutral salts, there- 
fore, produce the same type of compounds with gelatin as the 
bases; namely, metal gelatinates which dissociate into a positive 
metal and a negative gelatin ion. 

!. These facts show that the linmting concentration of neutral 
salts for the additional swelling is within the restrictions mentioned 
independent of the nature of the anion and cation of the salt and 
that this limiting concentration upon the swelling of gelatin could 
be used to calculate roughly the molecular concentration of the 
salt used. The influence of neutral salts upon the swelling of 
gelatin is therefore of a stoichiometrical character. 

5. When neutral salts act upon sodium gelatinate apparently 
only the cation of the salt combines with the gelatin; and when 
neutral salts react with gelatin chloride only the anion will com- 
bine with gelatin but not the cation. When neutral salts act 
upon ordinary gelatin, metal gelatinates are formed which may 
or may not contain the anion of the salt in non- or little dissociable 
bondage. 

6. Our experiments show that gelatin salts with univalent anion 

tvpe gelatin chloride) or with univalent cation (type sodium 
gelatinate) are capable of additional swelling, while salts of gela- 
tin with bivalent anion (type gelatin sulfate) and with bivalent 
eation (type calcium gelatinate) are not capable of additional 
swelling. It has been suggested in the previous paper that this 
swelling of gelatin salts with univalent cation or anion is due to a 
high degree of electrolytic dissociation, while the lack of the power 
of swelling of the gelatin salts with bivalent cation or anion is due 
to the low degree of electrolytic dissociation of these compounds. 
7. Phenomena of antagonistic salt action can be produced by 


the transformation of protein salts of the type sodium gelatinate 


which are capable of additional swelling into salts of the type 


ealeium gelatinate not capable of additional swelling; or by the 


transformation of protein salts of thi tvpe of gelatin chloride 


capable of additional swelling into salts of the tvpe gelatin sulfate 


not capable of additional swelling 
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When Folin and Denis' described their method for the estimation of 
non-protein nitrogen in blood, it became possible to make such determina- 
tions quickly, aecurately, and with the use of only small amounts of blood 
The method 1 ipidly came into general use and has proved to be of great 
service It has, however, not escaped modification in the interest of in- 
creased accuracy and convenience The present author? pointed out that 
the protein precipitant should be employed in aqueous solution, so as to 
obtain more complete extraction of the water-soluble constituents and 
more complete precipitation of the fats, lipoids, ete. Trichloroacetic 
acid, in 2.5 per cent solution, was recommended for this purpose, the trace 


f protein remaining in the filtrate being removed by shaking with kaolin 
Shortly afterward, Bock® showed that no appreci ible amount of nitrogen 
is split off from the blood proteins in the process of coagulation by heat 
It seemed that it might be possible to free the filtrate from the coagulun 
of the residual protein by means of kaolin. This was found to be the case 
If the filtrate from the coagulum was shaken with kaolin until the foam 
which was first very voluminous, had almost comple tely dis ippe ired and 
was then filtered, the filtrate was water-clear and gave no precipitate with 
HeCl., Hgl..2KI1, picrie acid, ete., even after evaporation toa very small 
volume (one-tenth that of the original blood). Determinations of the 
total nitrogen in such filtrates gave results that agreed with those obtained 
Law a | 


he trichloroacetic acid-kaolin method (Table I However, upon 


closer study, it was found that kaolin removed some of the basie constituents 
of the liquid Creatinine was found to be practically completely removed 


Che results of some experiments upon pure materials are presented in Table 


[| It was evident that the use of kaolin was inadvisable 


\ preliminary report appeared in Proc. Soc. Exp. Biol. and Med, 
1916-17, xiv, 115 

Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 527. 

Greenwald, I., J. Biol. Chem., 1915, xxi, 61 

Bock, J. C., J. Biol. Chem., 1916-17, xxviii, 357 


\ more complete discussion of the behavior of creatine and creatinine 


will be found in the following paper 
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TABLE I 
Comparison of Values for Non-Protein Nitrogen Obtained with the Trichloro- 


acetic Acid-Kaolin and Boiling-Kaolin Procedures. 
g 


Trichloroacetic Boiling-kaolin 


Species ahiittendiie 
mg. per 100 cx mg. per 100 cc 
Human. si naipid arate etetad e 114 112 
ss tes aaa : 30 32 
vs ania es batcwes sh ‘ 34 38 
” eaten ee Fi atiaeha eae ’ 43 43 
sia ; ; at ee : 37 36 
A saab tae de eee ; Peek 60 60 
pie aberkorit ek aera ote nite 46 46 
" ; Pe ae ee rere - 33 37 
™ : Se er eee 35 36 
' a pidipieta ; : : 38 36 
- ‘ Te ere : 111 98 
“ ae A 43 47 
27 30 
Dog. ; 29 29 
Sheep. et ye eee 32 33 
iy el tee en ceos ta ee rene 27 26 
Beef 32 30 
TABLE II 
Removal of Various Substances by Kaolin (20 Gm.). 
mg mg 
Creatine. 470 2.66 2.65 
sé 500 2.83 2.81 
Creatinine. 500 2.35 0.10 
sid . 500 3.57 0.10 
NH,CI (as N). 100 1.40 1.12 
NH,Cl (as N) 1,000 54.2 50.5 
Nitrogen of mixture of basic amino-acids 1,000 7.25 2.60 


A number of workers® had found that the addition of kaolin 
after the use of a 2.5 per cent trichloroacetic acid was unnecessary, 
the trace of protein that might be present in such filtrates being 


> Personal communications. 























I. Greenwald 99 


without appreciable effect. Upon investigation it was found 
that if the concentrations of the trichloroacetic acid are increased 
to 5 per cent, the filtrates obtained from human blood were pro- 
tein-free, as far as could be determined by any of the usual tests. 
With other species (ox, sheep, pig, and dog), a concentration of 
10 per cent is required for the same purpose. The method has 
been in constant use for several months and has given satisfactory 
results. 

Since the publication of the author’s previous paper on this 
subject, two other reagents, metaphosphoric acid and mercuric 
chloride, have been recommended for use in the determination of 
non-protein nitrogen in blood. Both of these had been tried and 
abandoned before the use of trichloroacetic acid had been decided 
upon. The former was discarded because solutions deteriorate 
very rapidly. One must work with freshly prepared solutions. 
In laboratories in which many such determinations are done, this 
involves little extra labor, but when such determinations are 
made irregularly and in comparatively small number, it is a serious 
hindrance. Metaphosphoric acid has been recommended by Folin 
and Denis,® who find the two filtrations formerly required in the 
trichloroacetic acid method objectionable. Since these have now 
been reduced to one, it is believed that trichloroacetic acid is the 
most convenient precipitant to employ in the determination 
of non-protein nitrogen. In all the experiments described in 
this paper, the nitrogen has finally been determined by distillation 
and titration, but, if so desired, the use of trichloroacetic acid 
may be combined with the direct Nesslerization procedure of 
Folin and Denis. 

Gettler and Baker’ have recommended the use of mercuric 
chloride. This had been employed by the author as a check upon 
his own method.’ The amounts of nitrogen not precipitated by 
the two reagents were the same. Mercuric chloride was rejected 
as a routine reagent because it is necessary to remove or precipi- 
tate the excess of mercury before the distillation of the ammonia. 
Sodium sulfide and thiosulfate are generally employed for this 
purpose, and then the distillates contain hydrogen sulfide, from 

Folin and Denis, J. Biol. Chem., 1916, xxvi, 491. 


Gettler, A. O., and Baker, W.,./. Biol. Chem., 1916, xxv, 210 
§’ Greenwald, J. Biol. Chem., 1915, xxi, 64 
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which they must be freed before satisfactory titrations or colori- 
metric determinations can be made. Several determinations 
made by Gettler and Baker’s method showed that from 10 to 50 
per cent of the nitrogen might be left in the distillation flask, 
from which it could be liberated by the addition of sodium sul- 
fide (Table III). Another, though lesser, objection to the use of 
hydrochloric acid and mercuric chloride is that they, in the con- 
centrations employed by Gettler and Baker, do not completely 
precipitate the proteins. If potassium iodide is added to the 
filtrates until the precipitate of mercuric iodide is completely 
redissolved, it is found that the liquid is turbid and that a pre- 
cipitate slowly forms. This contains from 0.7 to 2.2 mg. of 
nitrogen per 100 ce. of blood. If a solution of potassium-mercuric 
iodide is substituted for the mercuric chloride, a protein-free 


rABLE Il 


Re Ss ilts Obtaine lin the Det rmination of Nor -Protein \ troge?r hy the Vethod 
of Gettler and Baker, Showing the Necessity of Adding Na.S to Pre- 


/ 


‘pitate the Hq. 


Mg. per 100 f } 
Without NaS 21.5 | 31.9 | 23.9 | 3.3 9.4 | 18.7 
\dditional, after adding Na.S.. 20.3 19) 14.2 9.1 14.8 S.S 


filtrate is obtained and the total nitrogen content is then the same 
as that obtained with the use of 5 (or 10) per cent trichloroacetic 
aeid. 

In the course of this work, a very large number of substances 
was employed as protein precipitants. Only a few of these re- 
quire mention, Hofmeister’ claimed that the filtrate from the 
heat coagulum could be freed of protein by the addition of an 
excess of lead carbonate or of zine carbonate, boiling and filtering. 
We have not been successful with lead carbonate, but with zine 
carbonate we have obtained absolutely protein-free filtrates. 
However, the nitrogen content of such filtrates is lower than in 
those obtained by the use of other precipitants. Alumina cream, 
whether employed as an addition to the hot coagulation mixture, 
or to the cold evaporated filtrate, or directly to the whole diluted 


Hofmeister, F., Z. physiol. Chem., 1878-79, ii, 288; 1880, iv, 253. 
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serum, vielded filtrates that foamed freely and gave precipitates 


with potassium-mercuric 1odide. *Dialyzed iron,”’ employed on 


the evaporated filtrate from the heat coagulum, gave better re- 
sults, the filtrates containing only traces of protein. The nitrogen 
content of such filtrates was rather low, but whether this was due 
to adsorption or to loss of nitrogen during the evaporation has 
not been established. It will be shown in the following paper 
that there is no appreciable adsorption of creatine or of creatinin 


under these conditions. 
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IN THE BLOOD.* 
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The great interest attaching to the problems of creatinine and 
creatine metabolism and the failure of metabolism studies to 
solve them make it desirable that we should be able to study their 
oceurrence in the tissues, including the blood. When Folin’ 
described his method for this purpose, he seemed to have made 
it possible to determine both creatinine and creatine conveniently 
and accurately in small amounts of blood. The method came 
into general use and has yielded results of considerable interest 
It calls for the treatment of the blood with four volumes of satu- 
rated picric acid solution, the addition of an excess of solid picric 
acid, shaking, and filtering. For the determination of preformed 
creatinine, 20 ce. of the filtrate are then treated with 1 ce. of 10 
per cent NaOH solution and, after standing for 10 minutes, the 
eolor is compared with that of a standard solution of creatinine 
in saturated picric acid, similarly treated with NaOH. Total 
creatinine (creatine plus creatinine) is similarly determined after 
heating the picric acid filtrate to 120° for 20 minutes to convert 
the creatine into creatinine. However, there is little evidence 
that the substances reacting are really creatine and creatinine. 
The presumption is, therefore, that any method which gives 
lower results is more accurate, provided that it (the new method 
gives good results with pure solutions and permits of quantitative 
recovery of the substances added to blood. 

A slight modification was introduced by Myers and Fine 


* A preliminary communication appeared in Proc. Soc. Exp. B ind 
Ved., 1916-17, xiv, 115 
1 Folin, O., J. Biol. Chem., 1914, xvii, 475 
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and Myers, Fine, and Lough,” who lake the blood by the addition 
of four volumes of water, then add dry picric acid, stirring until 
the protein Is precipitated and a clear yellow liquid separates. 
The results obtained are rather higher than those obtained by 
the original method. 

Very low values for the creatinine content of blood were reported 
by Gettler and Baker.’ According to a subsequent publication 
by Gettler,? they modified the Folin method by using more alkali 
and also by making the color comparisons with a mM 72 solution 
of potassium bichromate. This had previously been standardized 
by comparison with mixtures of known amounts of creatinine, 
picric acid, glucose, potassium oxalate, and sodium hydroxide 
solutions. It is worthy of note, however, that the amounts of 
glucose and of potassium oxalate employed were much greater 
than should be found in blood filtrates. It is generally accepted 
that about 0.1 per cent of oxalate is sufficient to prevent the 
clotting of blood.*:® Gettler states that 1 ee. of a saturated 
solution of potassium oxalate to 60 ce. of blood will prevent clotting. 
Since a saturated solution contains 24 per cent of the salt, this 
would mean a concentration of 0.4 per cent of oxalate in the blood. 
But in standardizing the potassium bichromate solution, Gettler 
used 0.1 ce. of a saturated potassium oxalate solution to the equiv- 
alent of 3 ce. of blood, a concentration of 0.8 per cent. 

In making up the mixtures for standardizing the potassium 
bichromate solution, Gettler used 3 ce. of creatinine solution and 
12 cc. of a saturated solution of picric acid, containing 100 mg. of 
glucose in 100 ce. The coneentration of glucose, before adding 
the alkali, was 0.08 per cent. But, since in the determination, the 
blood was diluted to five times its volume, this is equivalent to a 
concentration of 0.4 per cent of glucose in the blood, a rather 
exceptional value. 

Still another source of error in Gettler’s work lies in the picrie 


2 Myers, V. C., and Fine, M. S., Post-Graduate, 1915, xxx, 39. Myers, 
V.C., Fine, M.S., and Lough, W. C., Arch. Int. Med., 1916, xvii, 570. 
Gettler, A. O., and Baker, W., J. Biol. Chem., 1916, xxv, 214 
4 Gettler, A. O., J. Biol. Chem., 1917, xxix, 47. 
> Hammarsten, O., Lehrb. physiol. Chem., Wiesbaden, 7th edition, 
1910, 239. 
Mathews, A P., Physiological Che mistry, New York, L915, 519 
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acid used. Gettler claims that this was pure. He did not use the 
test employed by Folin and Doisy,’ but one of his own. The two 
methods were compared in this laboratory. A saturated solution 


Ol picric acid which was not particularly pure, since When mixed 
with 1 ce. of 10 per cent NaOH for every 20 ce. of solution and 
allowed to stand for 15 minutes only 9.8 mm. were required to 
mateh the color of 20 mm. of the piecric acid solution alone, was 
examined by Gettler’s method. It was found that 10 minutes 
after the addition of 1 ec. of 2N NaOH to 10 ce. of this pieric acid 
solution, the color of a layer 30 mm. high was matched hy that of 
a layer of the standard KeCrO; solution only 6.3 mm. high. 
The picric acid used by Gettler and Baker, under the same con- 
ditions, required from 7.5 to 8 mm. of the bichromate solution. 
In view of all these sources of error it is believed that the results 
reported by Gettler and Baker are without significance. 

The discovery by Hunter and Campbell,’ Folin and Doisy,’ 
and others that picric acid solutions, particularly when exposed 
to light, give rise to substances which, when treated with alkalies, 
give a color reaction similar to that obtained with creatinine, 
picric acid, and alkalies, makes it probable that the method for 
total creatinine is inaccurate. Fairly conclusive evidence that 
this is the case was furnished by Wilson and Plass.’ They de- 
termined total creatinine in blood by removing most of the pro- 
tein by coagulation by heat, following this with aluminium 
hydroxide, evaporating the final filtrates to small volume, and 
converting the creatine into creatinine by heating with 0.5 xn HC] 
as in the original Folin method for the determination of creatine 
in urine. They obtained results which were considerably lower 
than those obtained by Folin’s method. However, the objection 
might be raised that there may be a loss of creatine or of creat- 
inine in the new procedure. Apparently the question was not 
investigated by Wilson and Plass. 

More recently, Hunter and Campbell'® have come to the con- 
clusion that Folin’s method gives results that are too high for both 
total and preformed creatinine. They base their conclusion upon 


? Folin, O., and Doisy, E. A., J. Biol. Chem., 1916-17, xxviii, 349. 

’ Hunter, A., and Campbell, W. R., J. Biol. Chem., 1916-17, xxviii, 335. 

‘Wilson, D. W., and Plass, E. D., J. Biol. Chem., 1917, xxix, 413 
Hunter and Campbell, J. Biol. Chem., 1917, xxxii, 195 
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the difference in the rate of color development in the blood fil- 
trates and in solutions of pure creatinine in picric acid. Since 
this difference is even greater if the modification of Myers and 
line is employed, they believe that the higher results obtained 
with this modification are due to the increased participation in 
the reaction of some substance, not creatinine, which is liberated 
from the corpuscles when they are laked. 

At this point, it may be well to discuss a source of error in the 
modification of Myers and Fine which is probably not quite so 
important in Folin’s original procedure. In this laboratory, 10 ee. 
of blood are diluted with 40 ec. of water in a 100 ce. glass-stoppered 
I’rlenmeyer flask. An excess of dry picric acid is then added and 
the flask is shaken thoroughly for several minutes. It may be 
mentioned that all of the pieric acid used in this work was carefully 
purified and was at least as pure as that called for by Folin and 
Doisy. Titration of the filtrates, using methyl red as indicator, 
shows them to be at least 0.8 saturated. Upon a visit to another 
laboratory, in which the mixture of blood, water, and picrie acid 
was merely stirred with a glass red until all the protein was pre- 
cipitated (as directed by Myers and Fine), the pale color of the 
filtrates attracted attention. Examination of these, both colori- 
metrically and titrimetrically, proved them to be only O.1 satu- 
rated with pierie acid. That a failure to achieve approximate 
saturation may lead to serious error is shown by the following 
experiment. 200 ec. of sheep blood were diluted with an equal 
volume of water. After the addition of an excess of dry picric 
acid, the mixture was shaken for several minutes and then filtered. 
The acidity of the filtrate was that of an 0.8 saturated solution of 
picrie acid. From this filtrate, mixtures with water, saturated 
picric acid, and sodium hydroxide were prepared and the apparent 
creatinine content was determined with the results shown in Table 
I. Since the standard solution is saturated with pierie acid, it Is 
evident that the unknown should also be saturated. 

Since, also, the readings obtained are inversely proportional to 
the creatinine content only when this is nearly the same as in the 
standard, it is advisable to employ a larger number of standards 
than were used by Folin and by Myers and Fine. In this work, 
standards containing 0.2, 0.4, 0.6, 1, and 2 mg. of creatinine per 


L100 ec. Were US id. 
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Our own experiments grew out of the observation that creati- 
nine was almost completely removed from dilute solution after 
shaking with kaolin, whereas creatine was absolutely unaffected. 
This seemed to offer a method for the determination of creatine 
in blood. The blood is run into about five volumes of boiling 
approximately 0.03 N acetic acid, the mixture is brought to a boil, 


and N acetic acid added, drop by drop, until coagulation is com- 


plete. This is easily recognized by the change in the color of the 
foam from brown to white or colorless. The liquid is also much 
clearer. The mixture is filtered, the coagulum is washed with 
hot water, and the filtrate is cooled. After measuring the volume 


or diluting it to some simple multiple of the volume of blood used 


rABLE I 
ke Di fh Concentrat of P { ) 
(reatir 
Slood 
Itrate, 0.8 | 
saturate Satur I , Cre ‘ 
with } Wate pict 10 pe aa per 100 
pierie ac 
1 Saturat 
I 25 0 29 0.9 2.5 0.278 2 2S 
1] 20 10 15 0.7 > 5 0.259 2 07 
IT] 25 25 0 0.4 9 5 0.239 1 Qn 
1\ iz .3 7 OD 0 0? 95 0.075 1 1 


it is shaken with kaolin" until the removal of the proteins is 
complete. From 5 to 10 gm. of kaolin are added at a tim nd 
thoroughly mixed with the liquid. The foam, which is at first 
voluminous, becomes slight and evanescent. An additional 
5 or LO gm. of kaolin are then added, also one drop of glacial celtic 


acid for every LOO ec. of fluid. The latter serves to agglutinat: the 
kaolin and faeilitate filtration. A volume of the water-clear, 
} 


lood IS 


protein-free filtrate equivalent to from 10 to 40 ce. of b 
taken and « vaporated, after the addition of 3 ee. of N HCl, to a 


volume of about 5 ce. The smaller volumes were used with human 
blood; the large! with the others. This is then ke pt at a tem- 

Kimerand Amend’s acid-washed kaolin was used int this work, 
Pear fullers’ earth was also effective. 
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perature just below boiling for 3 hours. The low heat ofan electric 
hot plate was found very convenient for this purpose. After 
cooling, a drop of 0.05 per cent solution of methyl red is added, 
the solution is neutralized by the cautious addition of 10 per cent 
NaOH solution, 15 ee. of a saturated picric acid solution are 
added at once, and finally 3 cc. of 10 per cent NaOH solution. 
After standing for 10 minutes, the solution is diluted to 100 ce. 
and filtered to remove a slight turbidity. The color is compared, 
in a Duboseq colorimeter, with that of standards similarly pre- 
pared from a dilute creatinine solution, methyl red, picrie acid 
and alkali. The standards are each twice the concentration of 
the next lower one. When only very little creatinine (0.1 mg. 
Was expected, as in the case of the pure solutions, the neutralized 
liquid was sometimes diluted to 50 ce. with saturated picric acid 
solution and the comparison made with solutions of creatinine in 
picric acid. The results summarized in Tables II, III, and IV 
show that the values for creatine obtained by this method must be 
regarded as maximal. Since they are lower than those obtained 
by the autoclave method, the latter must be regarded as erroneous. 

An attempt was made to apply some of the methods that had 
been found efficacious in the removal of protein (see preceding 
paper) to the determination of total creatinine (creatinine and 
creatine). The methods employed included coagulation by heat, 
evaporation to about one-half the volume of the blood taken, 
and the removal of the residual protein with (a) “dialyzed iron,” 
b) the addition of trichloroacetic acid to a concentration of 10 
per cent, and (ce) direct dilution of the blood and the precipitation 
of the proteins by the addition of trichloroacetic acid to a concen- 
tration of 5 (or 10) per cent. All of these methods were used with 
animal and human bloods and found to give concordant results 
Table VI). However, since the last named was also being used 
for the determination of non-protein nitrogen, it was the method 
of choice for use with human blood. 40 ee., equivalent to 4 ee. 
of blood, were generally used, though larger amounts were taken 
when available as in the work with animal bloods. As is shown 
in Table V, all three methods permit of quantitative recovery of 
creatinine or of creatine added to blood. 

The creatinine content of the blood was calculated from the 
difference in the values obtained for total creatinine and for 
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sential difference in the methods employed is the use of kaolin, 


In addition to the substane 
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trichloroacetic acid, 
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TABLE II 
Removal of Creatinine from Dilute Solution b 
{pproximately 20Gm. Kaolin Used Volume of 
I 
1.47 
1.33 
2.30 
1.30 
» »~ 
- ») 
3.57 
1.30 
rABLE IIl 
Removal, by Kaolin, of Creatinine Adde 
( I ( ( 
Beet 1.44 2.36 
1 44 1.7] 
P) 1.56 1.47 
Sheep 1.40 | 42 
1.40 2.84 
rABLE I\ 
R / T ec f ih Kae rf ( 
Ad 
; calcul 
t 4 
Shee} 2 06 2.8] 
1.45 2.81 
Beef 1.67 2 8] 
Dog 0.80 9 65 
29 eC 0 29 9 65 


Veans of 


Solution 


<0.10 
0.10 
0.30 
0.10 
0.10 
0.18 
0.06 


l to Blood. 
1.42 
l a7) 
1.57 
1.50 
1 60 

1 
1.87 
$.20 
t.48 

15 

2.94 


removed by dialvzed Iron 


y removes basic substances. 
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fore, the difference in the values obtained is due to the removal 

of a basic substance which, after heating with hydrochloric acid 

(probably also without such heating), reacts with picrie acid and 
TABLE \ 


Recove ry, afte r Differe nt Methods of Pre cipitating Protein S. of Creatinine and 
Cre atine Adds d to Blood. 


Added creatinine as 
Blood contains 


, Expecte ound 
‘total creatinine xpected I 





Creatinine Creatine 


A. Proteins precipitated by colloidal iron after heat coagulation and 


mag 


* 


evaporation. 


ma 
J 


0 500 0.50 0.496 

° 0. 566 0.566 0.564 

0 48 0.50 0.98 0.89 
0 48 2.83 3.0 3.19 
0.81 0.69 1.50 1.46 
0.40 0.37 0.77 0.76 


B. Proteins precipitated by trichloroacetic acid 


and evaporation 


after heat coagul 


ation 








1.29 1.00 2.29 2.38 
0.68 0 64 1.32 1.32 
1.01 0.54 1.55 1.33 
0.78 0.67 1.45 1 48 
0.54 0.50 1.04 1.04 
Proteins precipitated by trichloroacetic acid 
7 2.00 2.83 4.83 + 66 
; 0.500 0.500 0.502 
{ 0.566 0.566 0.564 
2.09 0.50 2.59 2.59 
2.09 0.57 2.66 2.66 


Blank using 2 ce 
Blank using 25 gm. of trichloroacetic acid 


0.5 mM KH,PO, and 2 cc. of 5 per cent dialyzed iron 
t Blank using 12.5 gm. of trichloroacetic acid 


sodium hydroxide as does creatinine. Accordingly, the results 
obtained by direct precipitation of the proteins with pierie acid 
and addition of sodium hydroxide to the filtrate must be regarded 


as inaccurate and, as a rule, considerably too high. 
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Whether or not all the color developed in the proposed pro- 
cedure is due to the presence of creatinine is not so readily de- 
termined. Several attempts to isolate creatinine from blood have 

TABLE VI 
Comparison of Results Obtained by the Methods of Folin and Denis and by the 
Proposed Methods. Results Expressed as Ug. of Creatinine 
per 100 Cc. of Blood. 


Folin Proposed methods 





Kind of blood 


Creatine 





Creatinine 


Creatinine 


Sheep, oxalated 1.13) 5.78) 4.65 | 4.36) 4.29 3.28 1.08 
defibrinated 3.09| 7.44) 4.35 | 3.76 3.88 3.80) 2.40 1.48 

- 3.32! 7.82) 5.50 | 3.88) 4.08 2.33 1.65 

Beef, oxalated 3.07; 9.33) 6.26 | 4.15) 4.22) 4.18) 2.32 1.90 
st i 2.08) 10.3 | 8.2 4.57 4.70, 4.67) 3.38 t.ae 
defibrinated 0.96) 7.35) 6.39 | 3.80) 3.62 2.81 0.99 

Calf, oxalated 2.75} 8.02) 5.27 | 3.95) 3.98 3.42 0.46 
defibrinated 3.33} 11.8 | 8.5 6.45 6.53 ». 40 1.13 

Pig rs 3.23, 8.45) 5.21 | 5.84 5.93) 5.74) 3.65 2.28 
; 3.49} 8.70! 5.21 | 5.63) 5.75! 5.47) 3.65 2 10 
Human, oxalated 2.47 4.69; 2.22 | 2.24 2.16 Le 0.47 
nephritic 10.3 8.81; 8.13) 4.1 1.7 

7 W.2 | 27.0) ¢.3 122.3 \22.7 (21.3 | 8.8 13.9 

Sheep serum 1.79; 4.70) 2.91 3.03 3.09 1.82 tae 
2.80! 5.82; 3.02 3.90 4.36 3.38 0.98 

Beef " 2.60 6.56 3.90 | 5.81) 5.85 $ 29 1.56 
a 1.78| 5.63) 3.85 1.15 4.26 3.30 0.96 
Pig “3 {18 6.44 2.26 | 4.16 4.65 3.55 1.10 
we - 2.80' 9.10) 6.30 | 7.46) 7.58 5.53 2 05 


1) Heat coagulation, followed by dialyzed iron 

b) Heat coagulation, followed by trichloroacetic acid 

ec) Trichloroacetie acid directly, without previous coagulation by 
heat 
failed. However, there has been little evidence of the presence 
of other substances that would influence the results. In one 
experiment, 30 mg. of urea, 100 mg. of glucose, 25 ec. of Benedict 
and Hitcheock’s uric acid standard solution” (containing 5 mg. of 


12 Benedict, S. R., and Hitchcock, E. H., J. Biol. Chem., 1915, xx, 619. 
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urie acid), 3 ec. of N HCI, and 400 ee. of water were evaporated 
and the apparent creatinine content was determined in the 
usual manner. 0.1 mg. was found; that is, the amount of glucose, 
urea, and uric acid that would ordinarily be found in 100 ee. of 
blood yielded only 0.1 mg. of apparent creatinine, 2 or 3 per cent 
of the total creatinine content of the blood. In another experi- 
ment, the same quantities were taken, with the addition of 25 gm. 
of trichloroacetic acid. The apparent creatinine content was 0.18 
mg. <A third experiment duplicated the second, except for the 
addition of 2.00 mg. of creatinine, and 2.83 mg. of creatine (cal- 
culated as creatinine). The amount found was 4.67 mg. instead 


TABLE VII 


Rate of Colo De velo pme nt ith P wre Creatinine and “uth Creatir 1M 


‘ron Blood. 


Pure ere n Blood creatinine 
rime Appa ae Appar Fractio Appa Fraction Appar Fr 
ent ~ sto ent ) mou ent ot a unt ent ( t 
moul 
cre t reuti- in cre ti- { iti n 
ine n10m nine 10 min nine 10 min nine 10 mi 
0.5 | 0.120 60 0 366 37 0.120 56 0.560 54 
l 0.154 77 0.572 ot 0.160 74 0.742 dz 
2 0.179 90 0.767 77 0.181 S+4 0.797 77 
3 0.185 93 0 S82 SS 0 208 Q7 0.967 93 
5 0.194 Q7 0.997 100 0.213 g9 0.995 O68 
10 0 200 LOO 1.00 100 0. 216 100 1.04 100 
30 0.200 100 1.00 100 0 228 105 1.08 104 
60 0. 200 100 1.00 100 0.233 LOS 1.08 104 
of the expected 4.83 mg. Certainly there is no appreciable error 


due to the presence of glucose, urea, urie acid, or any condensa- 
tion products. 

Following the example of Hunter and Campbell,'® an attempt 
was also made to compare the rate of color development with pure 


creatinine and with the blood filtrate. The results obtained are 


summarized in Table VII and Chart 1. Into each of a series of 
100 ec. volumetric flasks, there was measured a volume of solution 


containing 0.200 or 1.00 mg. of creatinine. To one of these 


there were then added 15 ce. of a saturated picric acid solution and 
3.0 ec. of 10 per cent sodium hydroxide. After 10 minutes this 








nn 


113 


MeGuire 


‘ 
7. 


I. Greenwald and ( 





—meaeae = -_— — 








j I 
/ 
fed 
/y / 
fj‘? y/ 
L, se 
2) 49 
4 
S ¢ 
F Ww sy) 
Hy) d P << 
Ay\> 
- _* 








00 
10 
20 
¢0 
v0 
$0 
90 
L0 
80 
60 
01 


BW 


00 °0 
20°0 
y00 
900 
800 
01°0 
ZI'0 
710 
91°0 
810 
020 


c2 0 





HEMISTRY 


al 


OF BIOLO¢ 








aan yraenaaes 


DDE AR OORE EBON fe A A 


ena 


Bo a Bs 


et ation, se SaaS 





114 Creatinine and Creatine in Blood 


was diluted to 100 ce. Similar mixtures were prepared with the 
same volumes of solutions, but the dilutions were made after 0.5, 
1, 2, 3, 5, 30, and 60 minutes. The readings were made immedi- 
ately after each dilution. The maximum color was reached in a 
little over 5 minutes, certainly within 10 minutes, and there was 
no further change for at least 1 hour. However, the velocity is 
not that of a monomolecular reaction, as appeared to be the case 
under the conditions employed by Hunter and Campbell. To 
study the rate of reaction with the chromogenic substance of 
blood, sheep blood was treated in the usual manner, using heat 


rABLE VIII 
Blood from Normal Individuals. Results Expressed as Mq. of Creatinine 


per 100 Ce. of Blood 


Folin method Proposed methods 
N 
Creatinine RH Creatin Bee ao » | Creatine Creatinine 
l 2.22 5.47 3. 25 $02 2.93 1.09 
2 2.13 5.47 3.34 4.78 2.30 2.45 
3 2.00 5.00 3.00 3.44 1.40 2.0 
t 1.62 5.3 S.42 4.66 3.48 1.18 
5 1.70 1 63 2.93 2.63 
6 2.04 5.50 >. 46 3.78 
7 2.03 7.02 1.99 4.97 5.73 ] 24 
S 1.42 1.48 >. 40 1.08 
9 1.41 3.74 2.74 1.00 
10 | 2.18 3.24 2.02 1.22 
11 | | 1.91 3.73 1.18 


coagulation, “dialyzed iron,” ete. After neutralization, volumes 
of the liquid containing approximately 0.2 or 1.0 mg. of creatinine 
were measured into 100 ec. flasks and the determinations made 
as in the case of the pure creatinine. The standards employed 
contained 0.200 or 1.00 mg. of creatinine. Inthe former case, the 
velocity of the reaction was the same as that obtained with pure 
creatinine. With the larger amount, however, there is greater 
divergence, the color developing more rapidly with the blood 
filtrate than with pure creatinine. The greater velocity may be 
due to the presence of another chromogenic substance, or to the 
presence of a catalyst (iron?). In both instances, the color changed 








Blood from Hospital Patients without Nephritis. 


of Creatinine per 100 C'c. 


10 
11 


12 
» 


14 





[. Greenwald and G. MeGuire 


rABLE 


Chronic valvular disease 

Tuberculosis, pleurisy, peritoni- 
tis, passive congestion of kidney. 

Tuberculosis, pleurisy, peritoni- 
tis (chest fluid 

Chronic bronchitis, emphysema, 
gout 

Cystitis, neurasthenia 

Carcinoma of liver 

Diabetes 


Kosinophilia, trichinosis 

Chronic rheumatic arthritis, neu- 
rasthenia 

Pyelitis 

Osteomyelitis, diabetes 

Chronic valvular disease, passive 
congestion of kidneys 

Chronic valvular disease, passive 
congestion of kidneys 

Chronic bronchitis.. 

obstructive jaundice 

Dementia praecox 

Chronic valvular disease, arterio- 
sclerosis 

Neurasthenia 

(\ngina pectoris 

Neuritis 

Hernia 


Chronic cardiac dilatation, pas- 
sive congestion of kidneys 

Polyuria, pituitary tumor 

Arteriosclerosis 

Chronic cardiac insufficiency 


Non 
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very little after 10 minutes, the slight further increase probably 
being due to the glucose present. 

Two explanations suggest themselves for the divergence in the 
character of the curves obtained with blood filtrates in the experi- 
ments of Hunter and Campbell and those here reported. It may 


rABLE X 
Blood from Patients th Nephritis. Results Expressed as Mq. of Creatinine 
per 100 Cc. of Blood. 
No I ‘ is I s 3 

n “Dye protein Uri 

l 38 1.8 L.¢2 6.24) 3.55 1.69 
2 51 39 > O08 9 9 6.8 6.34!) 4.25 2 09 

; 94 1.91 1.83 

t 15 19 7 $ 38 6.0 1.6 6.40 2.60 > SO 

) 30) 4? t 0 2 10 S 0 ».3 7.00 4.42 2 58 
6 $2 1.98 or wy 7.30 

7 13 17 o.¢ 3.64 9.66! 2.77 6.89(? 
Ss 17 5 164 11.7 10.1 11.6 | 9.02 2.6 

) 60 9 0 2 34 5.30} 3.05 2.25 
10 37 2.53 7 } 9.88) 3.47 2.40 
1] 55 1() 78 t.] 2.0 t. 22 

12 67 6.8 75 S 0 i 2 8.47) 2.57 5.90 
13 0 fh 5 6 1.87 3.5 1.6 3.23; 1.78 1.35 
14 0 14 * » 27 6.2 3.9 9.19’ 3.37 1&2 
15 09 9 2.81 7.0 1.2. t.91; 2.58 2.33 
16 52 1 90 0 7.5 6.80) 4.7] 2 O09 
17 55 6 tL 0 15} 11.0 9 6.07) 3.75 2.32 

, 1s 0 87 8.0; 10.3 8.47) 4.1 1 4 
19 0 125 9 3 11.5 18.0 6.5 12.5 
x7) 0 126 5.1 15.9 13.2} 5.9 7 
21 L6S 6.3 | 16.8 24.4 7 19.4 | 8.( 11.4 
9) 48) 8 15 6.54 8.3 1.8 (1.43) 2.5 0 
93 0 170 6.5 ) 2 97.5 7. ~ BES i3.3 
be that the substance responsible for the continued development 


of eolor in th xperiments of Hunter and Campbell is removed 


by the procedure employed in this work. It is our opinion, how- 


od and picric acid react 


to produc a substance which, when treated with alkahes, reacts 


r, that it is mor probable that the | 
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as does the substance which is formed when a solution of picric 
acid is exposed to light. Another complicating factor is the un- 
certainty as to the actual concentration of picric acid in the filtrates 
employed by Hunter and Campbell (see p. 106). 

Tables VIII, IX, and X present the results of a series of de- 
terminations of creatinine and creatine by Folin’s method (slightly 
modified) and by the modifications now proposed. In many 
cases, the values for the non-protein nitrogen and uric acid con- 
tent of the blood and for the phenolsulfonephthalein excretion 
are also given.! 

From these tables we may conclude that the total creatinine 
content of normal human blood varies between 3 and 5 mg. per 
100 ce., anything over 5 is to be regarded with suspicion, 6 is 
dist inetly pathological, and 10 is very serious. 

In normal individuals, the creatine varies between 1.4 and 3.7 
mg. per 100 ec. of blood and it is not so readily increased in nephri- 
tis as is the total creatinine. A curious case is that of No. 8 in 
Table X. This patient showed a very high creatine by both the 
original Folin and the proposed methods. There is nothing in 
the history to suggest a reason for this exceptional occurrence. 

The values for preformed creatinine, obtained as they are by 
difference, are rather more irregular than those for total creatinine 
and for creatine. They are almost always lower than those 
obtained by Folin’s method. In the few instances, such as Nos. 
7 and 12 in Table X, in which the reverse is conspicuously the 
case, a faulty determination of creatine or of total creatinine may 
be responsible." , 

Further investigation will be required to determine the useful- 
ness of these methods as aids to diagnosis and to the study of 
disease. For an investigation of normal creatine and creatinine 
metabolism, the methods are probably not satisfactory. Until 
it can be shown that the chromogenic substance is really creati- 
nine, investigations in this field would seem to be of doubtful 
value. 


‘3 These figures were taken from the records of The Roosevelt Hospital, 
for permission to use which we are indebted to Dr. W. G. Lyle. 

‘4 The determinations upon animal blood were made in duplicate; with 
human blood, this was generally impossible 
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We wish to acknowledge our indebtedness to the staff of The 
Roosevelt Hospital, and particularly to Dr. F. Hulton-Frankel and 
Dr. Sanford, for their assistance in obtaining specimens of !blood 
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\lthough one frequently meets the expressed opinion, in phys- 
iological literature, that ‘‘the calcium exchange is extraordinarily 
dependent upon the quality and quantity of the food ingested”’ 
Albu and Neuberg), it is not easy to discover the precise justi- 
fication for this statement. Usually the conclusion seems to be 
based upon assumptions rather than carefully controlled informa- 
tion regarding the food intake. With respect to the behavior of 
magnesium there is even greater uncertainty, the data regarding 
its elimination in cases of known intake being exceedingly scanty. 
The question of the possible interrelation of calcium and mag- 
nesium and even of the “normal” values for the output of these 
elements is still debated. 

Caletum and magnesium are eliminated largely by way of the 
intestines, as much as 35 to 90 per cent of the lime excreted re- 
appearing in the feces (Renvall, von Wendt). It is a generally 
accepted statement that the partition of excretion between kidney 
and gut is influenced by the intake of other salts; for example, it 
is alleged that an increased intake of phosphates brings out more 
lime through the feces. The possible réle of the preponderance of 
potential acid or base in the diet in influencing the path of excre- 
tion of lime has also been discussed (Dubois and Stolte). In 
certain diseases, namely diabetes (Kahn and Kahn), phthisis 


f the 


\ preliminary report of this work was given at the meeting 
Society of Biological Chemists, December 27-29, 1917. 
t Seessel Research Fellow in Yale University. 
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(Senator), osteomalacia (MeCrudden), and other abnormal con- 
ditions, there is little question but that a deranged metabolism of 
the alkali earths may occur (von Noorden). 

To ascertain whether there is any “normal” range for the 
urinary excretion of calcium and magnesium in adult man, and 
what the quantitative relation of these elements to each other is, 
a study was made upon nine healthy laboratory workers upon 
whom absolute reliability could be placed. 

Nelson and Williams take exception to the use of a defined and 
limited diet for the purpose of investigating the calcium and 
magnesium content of normal urine. 


They state: 


“To let an individual eat what he wants and whenever he wants cannot 
well be done when the amount of food ingested must be measured, so most 
experiments necessarily represent values on more or less restricted diets, 
particularly regarding vegetables, and are therefore not indicative of 
normal values in the best sense of the word.”’ 


Obviously, however, in order to get an insight into the relation 
of calcium to magnesium in the urine, it is essential to have con- 
trollable conditions with respect to the intake. In the work here 
reported, except in regard to the amount of milk consumed, the 
character of the intake was not especially limited as to quality 
and quantity. The subjects were instructed to select from the 
list of articles of diet in Sherman’s table those materials containing 
more magnesium than caleitum. After a preliminary day on this 
diet the urine was collected for 3 days. Then the caleium- 
magnesium relationship in the intake was reversed by super- 
imposing upon the diet either fresh or dried milk, calcium lactate, 
or Magnesium citrate, and the urine was collected for another 3 
day period. In the ease of M. G. the urine of a 3 day period 
was collected on his ordinary unrestricted diet. 

An examination of the list of items in Sherman’s table will show 
that it is very easy to select a most varied diet and yet have the 
intake of magnesium greater than that of calcium. It is a very 
striking fact that were it not for the use of milk, eggs, and a few 
vegetables our dietaries would be decidedly poor in lime. 

Nelson and Burns have come to the conclusion that, ‘Either 
calcium or magnesium may be exereted by way of the urine in the 
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larger amount, in the normal individual. Whichever element 
predominates does so constantly, or very nearly so, and seems to 
be independent of the character of the food ingested.” This 
statement is not supported hy the analyses here reported. In 
lable | are given the results of the examination of the urine of 
nine healthy individuals on diets having magnesium greater than 
ealcium and then on diets having calcium greater than magnesium. 
That all of the individuals consumed a large amount of food is 
evident from the nitrogen content of the urine. 

Che calcium and magnesium were determined by MeCrudden’s 
method. 

In only three of the nine individuals (B. C., Experiment 1, 
H. M., Experiment 2, and Gr.) was the urinary magnesium found 
in any instance to be greater than calcium, and this was only a 
transitory result. B.C. ona diet having magnesium greater than 
calcium excreted magnesium greater than calcium in the urine 
for the first 2 days of Experiment 1, and then on the 3rd day of the 
same diet the urinary calectum was greater than the magnesium. 
1! month later (B.C., Experiment 2) under a similar routine this 
subject failed to show an excretion of magnesium greater than 
calcium, The response of the urinary alkali earth exeretion to an 
increased ingestion of both elements as contained in milk is very 
striking. Of course the intake here was calcium greater than 
magnesium; and the urinary output was calcium greater than 
magnesium. When the increased intake was limited to one ele- 
ment—caleium—as in calcium lactate, the response on the part 
of the urinary calcium is evident, though not as striking as with 
the milk. The same results are found in the case of H. M. Only 
onee did he show his urinary excretion to have magnesium greatet 
than calcium and that on the intake of magnesium greater than 
calcium. 

The striking effect of milk on the urinary excretion of alkali 
earths is further evident from the results on EK. W. and A. 8. 
When the calcium and magnesium intake was thus increased, the 
amount excreted through the kidneys was increased. The re- 
sponse to an increased intake of calcium and magnesium in a diet 
containing dry milk was similar to that of milk though not quite 
so striking. Such results were obtained with R. W. and B. 


In the foregoing cases it was very easy to increase the excretion 
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rABLE I 


Output of Calei im and Magnesium in the Urine of Healthy Adults on Selected 
Diets of Vaturally Occu ring Foods. 


Urine Diet 
fii : Z |oO|z 
7 = ; : I é Supple ; 
hn. W 17.5) 1,320 10.03120 49 Ca>Mg = Milk, 1,000 
1,350 | 9.45137) 57 " 1,000 
1,430 12.44.1386 54 * a 1.000 
1,000 | 9.86) 54) 28) Mg >C 
1,035 | 9.45) 63) 37 
1.450 > 8.50 66) 50 
B.C. (Experi- 69.0) 875 13.45 98 104 


ment 1 975 13.82 137 144 
815 |11.92) 95! 86 
995 13.58 210126, Ca>Mg | Milk 500 ce. 


1,135 |14.95'228' 162 750 
1,625 |14. 77/269) 142 1,000 
B.C. (Experi- 68.5 640 10.80100 49 Mye>Ca 
ment 2 970 14.60 137 100 

1,125 |14.28)144| 87 

1,090 111.88 171) 95| Ca>Meg | 0.22 gm. Ca in Ca lac- 
tate 

1.180 12.00192) 93 A 0.42 om. Ca in€ 
trate 

1,140 10.26177 74 is 0.72 gm. Ca in ¢ 
tite 


H.M. (exper- (75.0. 755 |14.70 123 108; Mg > 
,093 |14.12)103 85 - 
690 12.79 137 108 


970 15.91 IS911L C Me Milk 500 ce. 


iment | 


730 |12.29:189 109 750 
1.060 13.65 180 108 _ “ 1,000 
H.M. (Exper- |74.4 845 |12.52:111) 79) Mg >Ca 
iment 2 ; 680 11.08 122 110 “a 


705 11.24 108 110 


92) 13.50119108 Ca >Meg 0.22 gm. Ca in Ca lac- 
tate. 

960 14.00 154 118 0.43 gm. Ca in Ca lac- 
tate. 

1,420 16.24 150 125 - 0.72 gm. Ca in Ca lae- 
tate, 











Urine Diet 
— F : Z |ols 
Be 2e Bi) 5 Hie ee 
kg , n 
1.5 65.0 680) 9.26:202' 88 Mg>Ca 
S80 11.37.2830 90 
750 | 9.58'238) 9S 
1.470 16.43.452:180) Ca>Mg | Milk, 1,000 « 
1,380 14.93 441 124 ig - low 
1.300 13.94:369 122 ” * 1,000 
B 19.0 1.0830 8.94 89 66 Mg >Ca 


900 8.93119 S84 


1.500) 9.94142) 92 
1,725 |10.17)224) 89) Ca \ig 33 gm. dried n ” 
1,060) 9.44174 75 es 66 
1,500 11.61 308 101 - 100 
R.W 75.0 1.170| 9.16 91; 69 Mg>C 
760. 9.69115 79 : 
1.375 | 9.971125) 73 
1,275 |12.01)154) 83) Ca>Meg 33 gm. dried milk 
1,650 13.59,192 92 “6 66 
1.540 13.96 234 104 ~ 100 
MeG 73.0) 2,250 |14.96)157/118) Mg >C 
2 OSO 13.68 127/115 
2,825 |14.08/155) 122 
2.555 13.28 222 129 Ordinary 
2 095 12.25'240 132 a Milk, 120 
1.860 12.43,197 102 
3.000 14.65339150 Ca >Me Viilk. 500 « 
1,530 |13 .25)245) 121 . < 230 
2 710 (13.96 292 128 “ “« 500 
Gi 75.0! 770(|10.17| 75111) Mg >‘ 
980 10.83)124 148 
1.460 11.28 96125 ‘ 0.08 gm. Mg inlgm.Mg 
1,325 10.38 187180) Ca>Mg | Milk 1,000 ce 
1,475 10.35,169 150 " « 125" 
1,710 14.24, 189 187 se ‘¢ 1,000 “ +0.21 gm. 
Mg in 2.5 gm. Mg 


S.A 58.0} 795 |13.52,131) 89) Mg >Ca 


895 16.54.177) 97 


S40 16.54 161, 93 aad 0.0OS gn Mg in gr 


030 16.59199 78 Ca >Meg Viilk. 500 ¢ 


1.365 14.18 466 220 - “ 750 


) 


lhe dried milk contained 5.66 per cent N, 1.22 per cent Ca, 0.23 per 


cent Mg. 
125 
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of lime and alter the relation of calcium to magnesium by ingestion 
of either milk, skimmed or dried, or calcium lactate. The mag- 
nesium output was also slightly augmented by the increased intake 
of magnesium in the milk. An attempt to influence decidedly 
the urinary magnesium excretion was made by purposcful selee- 
tion of food (M.G.) and by ingestion of a magnesium salt (Gr. 
and S. K.) This proved to be impossible in these cases. 

M. G. never excreted more magnesium than calcium in the 
urine under any conditions whatsoever, even when they seemed 
particularly favorable for the magnesium greater than calcium 
relation. There was a decreased output of caletum in the urine 
yet this element always preponderated. Addition of milk to th 
diet induced an augmented urinary output of both calcium and 
magnesium. Gr. responded to an intake in which magnesium 
was greater than calcium by excreting more magnesium than 
calcium in the urine, but it could not be augmented further by 
addition of magnesium citrate to the intake. The use of milk 
promptly produced a preponderance of the urinary calcium, and 
this was likewise unchanged by the further ingestion of magnesium 
citrate. S. K. failed to excrete more magnesium than calcium 
in the urine under any of the varied conditions of intake that 
were selected. 

Table II gives a résumé of the figures for the urinary caleium 
and magnesium of normal adult human subjects reported by vari- 
ous investigators. Eight of the twenty writers here quoted found 
one or more normal individuals excreting more magnesium 
than calcium. Basing their conclusions primarily on the work 
of Neubauer, who found more magnesium than calcium excreted 
in the urine by normal adults, the text-books of Neumeister, 
Hammarsten, Neuberg, and Neubauer-Huppert contain state- 
ments that magnesium is excreted in a greater amount than 
calcium. Hammarsten alone has expressed the facts more ade- 
quately. He wrote: “Calcium and magnesium occur in the urine 
chiefly as phosphates. The quantity of earthy phosphates elimin- 
ated daily is somewhat more than a gram, and of this amount 
two-thirds is magnesium phosphate and one-third calcium phos- 
phate.”’” Such a statement does not mean that magnesium is 
excreted in a decidedly greater amount than calcium. <A simple 
calculation of Neubauer’s data shows that in his cases the quantity 
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TABLE Il 


Simmaryu of Available Data on the Output of Calcium and Magne 
the Urine of Healthy Adults 


- me Urine 
Ca Mg 
in Wendt 0.01 0.02 | Sago, sugar, and butte 
Litt e 0.93 00S Vegetarian 
Sherman and collaborators., 0.04 0.06 Crackers and water 
Renvall 0.05 | 0.03 
Crivens 0.05 | 0.08 Mixed, Mg >€ 
Renvall 0.06 0.05 
Neumeister 0.06 | 0.12 F 
Sherman and collaborators.| 0.07 | 0.08 | Crackers and egg white 
Wendt 0.07 | 0.05 Bread, butte sugal nd egg 
white 
Nelson and Burns 0.07 0.07 | Mixed. 
Sherman and collaborators.| 0.08 | 0.08 | Crackers, butter, and milk. 
Neubauer 0.10 | 0.11 | Mixed. 
Nelson and Burns 0.10 | 0.19 
Neubaue! 0.10 | 0.14 
Renvall 0.12 0.07 Sago, sugat nd wate! 
von Wendt 0.12 0.05 Bread, butter, meat ind cheese 
Nelson and Burns 0.12 | 0.11 Mixed 
Neubauel! 0.12 | 0.14 = 
Bertran 0.12 0.16 Meat ead 1 bee 
Neumeiste! 0.12 | 0.24 : 
Sherman and collaborators Q. 13 OOS C rac I I 
witel 
Boedeke 0.13 0.14 4 
Sher ind collaborators. 0.15 | 0.11 Crackers and 
Le y nd Gephart 0.15 | 0.12 \lixed., ¢ AVE 
\f e1 0.15 | 0.16 | Mixed 
Panel 0.17 | 0.17 
I y and Gephat 0.18 |} 0.12) Mix ( \I¢g 
€ aa Ithweatrte na ) iwora- 
0 IS 0 OS 
Rer | 0 18 0.07 Sage wal nd water 
I ! 0.19 0.18. Bread, me eggs, n 10 te 
SO ce 


0.19 0.14 Vegetables 


Long and Gephart 0.20 0.17 Mixed, ¢ \Izg. 
(;aehtgens 0.21 0.06 
Cross 0. ?1 00S ? 
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rABLE I—Concluded 


Urine 
Invest ID 
( M 

Sherman and collaborators.| 0.22. 0.11 fread and milk 
Long and Gephart 6.22 0.18 | Mixed, Ca >Meg 
Bunge 0.23 0.18 | Meat alone with salt and water 

7 0.24 0.08 Bread alone 
Long and Gephart 0.26 | 0.12 | Mixed, Ca>Mg 
Panek 0.26 0.20 ; 
Goldthwaite and collabora- 

tol 0.26 | 0.18 | Mixed, Ca>Meg 
Gross 0.2% O11 , 
lenbaum 0.30 0.11 | Mixed 

_ 0.33 | 0.06 cy 
Labbé and CGallippe 0.34 0.19 
Nelson and Burns 0.34 | 0.25 Mixed 
Beckmann 0.35 | 0.18 | Milk, meat, cheese, and eggs 
Tenbaum 0.39 | 0.12 | Mixed 
Givens 0.47 | 0.23 “« Ca>Mg 
Tenbaum 0.50 0.19 
Renvall 0.60 0.13. Cheese, ham, bread, butter, oat- 

meal, salt 


of the element magnesium slightly preponderated over the el 
ment calcium, the relation in general approximating I: 1. 

In every instance cited, where the diet reported indicates an 
adequate intake of caletum and magnesium, with the exception of 
Neubauer and Little the urinary exeretion of calcium is greater 
than that of magnesium. Bertram’s diet of meat, bread, fat, beer, 
and sodium chloride is not a diet high in lime but high in magne- 
Slum. No explanation seems available for Neubauer’s results 
since h only reported the diet as a ‘good mixed diet.’’ In Boe- 
deker’s case the diet was not given. In the case of Little the 
result may be due to the fact that the subject had been a veg- 
etarian for vears. In the case of vegetarians most of the lime, 
it is believed. goes out through the feces (Bertram). Neubauer 
and Hammarsten have based their statements on the older work 
of Neubauer. In both the cases of von Wendt and Sherman as 
soon as the diet was changed to include calcium and magnesium 


in quantities approximating the assumed needs the urinary ex- 
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rABLE Ill 
Summary of Available Data on the Influence of Ingested Calcium and Mag- 
nesium Salt upon the Urinary Calcium and Vaqne um Excretion 
of Healthy Adult 
Ur 
I Caa Mg Salt t t I 3 stor 
( M 
sual 0.10 0.11 Neubauer 
CaCO 0.12 0.13 
0.36 0.48 Bertrar 
Cal 0.64 0.60 
0.91 S ' 
CaCO) 0050 
0.1% 
CaCO O.oL 
0. 04-0.06 Herxheimer 
Cal) QO YS. 00 
0.19 0.18 Lehn ! 
CaCO 0 34 0.13 . 
0.15 0.16 Neubaut 
Ca;(PO, 0.19 0.16 
Verv low 0 O02 0 O02 von Wer 
CaHPoO, 0.04 0.02 
Low 0.07 0.05 
Cal lPoO 0 Oo 0.06 
| 1 0.12 0.14 Ne 
Cal 0.16 0 14 
0.1] 0.14 
( ‘ 0.13 0.18 
Nig >Ca 0 11 0.10 ( 
Ca lactate 0.14 0.11 
0.13 0.08 
0.18 0.09 
3 0.19 0.18 Li ! 
MeCO 0.20-0. 29,0. 25-0. 2S 
( \lg 0.19 QO.1S Cy S 
Mig. citrate 0.19 0.19 
Mg >Ca 0.1S 0.10 
0.16 0.09 
Usual 0. 19-0.190.18-0.14 Lehmann 
CaCO. + MgCoO; 0.22-0.17 0.14-0.16 - 
CaCO, + MeCO, 0.30 0.23 
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cretion of calcium exceeded that of magnesium. As to Nelson 
and Burns’ results we can offer no opinion other than to express 
doubt as to whether the diets were adequate in their content of 
lime. In the case of the writer's subjects it seems that in the 
instances Where more urinary magnesium than calcium was, 
excreted this result was due to the diet being deficient in lime. 
When the lime content of the ingesta was increased and the 
relation of calcium to magnesium altered so that the calcium was 
greater than the magnesium the response in each case was immedi- 
ate, with a urinary output of calcium greater than magnesium. 
Table III contains the summarized published data regarding 
the effeet of ingestion of salts upon the urinary excretion of cal- 
clum and magnesium in man. All the authors quoted in this 
table obtained a rise in the urinary calcium excretion after in- 
gestion of inorganic lime salts. Our results with calcium lactat 
and milk, considered as a solution of caleium salts, are in accord 
with the foregoing. Lehmann reported an increased urinary 
output of magnesium after ingesting magnesium carbonate or a 
mixture of calcium carbonate and magnesium carbonate. With 
magnesium citrate no such results could be obtained in my sub- 


ects, 


SUMMARY 


1. The daily urinary caletum and magnesium exeretion of nine 
healthy adults on a diet of natural foods containing more mag- 
nesium than ealeium ranged from 0.05 to 0.24 @m. Ca and from 
0.03 to 0.15 om. Me: on a diet having more ealeium than mag- 
nesium the limits were 0.12 to 0.47 em. Ca and 0.05 to 0.23 gm. Me 


In considering the relative amounts of these elements exereted in 


the urine, when naturally occuring foods a aten, it should b 
noted that one practically cannot increase the intake of dieta 
ecaletum without simultaneously increasing the quantity of mag 


sium ingested 

2. In the nine subjects here examined, in general more calcium 
than magnesium was exereted in the urine; or if such was not th 
ease the usual Ca> Me relation could be promptly brought about 
by ingestion of milk. 


3. The urinary output of both ecaletum and magnesium was In- 
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practically as effective as raw milk in influencing the urinary 
alkali earth excretion. 

!. The urinary calcium excretion was always increased after 
taking calcium lactate. The urinary magnesium excretion was 
appar ntly not affected by the introduction of magnesium citrate. 

5. Comparable quantities of calcium salts, represented by cal- 
cium lactate, were not as efficacious as milk in producing increased 
urinary excretion of lime. 

G. Attention is called to the variation in the relative amounts 
of alkali earths excreted through the kidneys by different indi- 
viduals. The quantities bear no fixed relation to body weight, 
but presumably are influenced not only by the diet but also by 


the tissue reserves, particularly in the bones, of the subjects. 


My thanks are due Professor Lafayette B. Mendel for his 
criticisms. 
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It has long been recognized in a general way that the inorganic 
components of the diet play a réle that cannot be neglected. 
Until recently the mineral nutrients have been largely considered 
n toto only, their content being expressed as per cent of ‘“‘ash”’ 
vielded by a given food, ration, tissue, or organ. Even a casual 
study of the literature of nutrition impresses one with the ex- 
ceedingly fragmentary and indefinite knowledge regarding the 
functions of the inorganic elements in the diet. 

In their résumé Albu and Neuberg remarked :' 


“So wenig wie die wissenschaftliche Medizin zurzeit den S ilzen in der 
Krnihrungsphysiologie die ihnen gebiihrende Bedeutung zuerkennt, wiir- 
digt sie auch die Rolle, welche sie in der Entstehung und Entwickelung 
von Ernihrungstérungen und Stoffwechselanomalien spielen. Ohne die 
von Liebig, Voit und Forster in dieser Richtung gegebenen Anregungen 
weiter zu verfolgen, hat die chemische Stoffwechselforschung in den letz- 
ten Jahrzehnten ihre Interesse fast ausschliesslich auf die organischen 
Nihrstoffe konzentriert. Die unorganischen Bestandteile der Nahrung 
und die St6orungen im Umsatz derselben sind noch heute ein ziemlich brach 
liegendes Arbeitsfeld. Die Versuche einzelner Autoren, die Forschung 
auf diesem Gebiete anzuregen, sind bisher stets so fruchtlos geblieben, 


dass man an der Richtigkeit des Grundgedankens ernste Zweifel hegen 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D. C. 

A preliminary report was presented at the Minneapolis meeting of 
the American Society of Biological Chemists, December, 1917. 

‘ Albu, A., and Neuberg, C., Physiologie und Pathologie des Mineral- 
stoffwechsels, Berlin, 1910. 
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kénnte, wenn man nicht wiisste, wie schwer oft Ideen Fuss fassen, welche 
sich nicht in der Richtung der hergebrachten Schulmeinung und der ererb- 


ten Tradition bewegen!’’ 


This paucity of information is made evident, for example, by 
two recent representative text-books,2*> which summarize the 
latest conceptions in this field ot physiology. Although there is 
almost unanimity of opinion regarding the energy needs of the 
body under different circumstances of age and activity; although 
the current estimates of the minimum amount of protein required 
per day seem to be defined within reasonably narrow limits; 
although the functions of fat and carbohydrate and the possi- 
bilities of their interchange are beginning to be understood: 
there is no adequate experimental basis whatever to permit tenable 
statements regarding either the indispensability, or the minimum 
requirement, of any of the inorganic constituents of the dietary 
with the possible exception of calcium and phosphorus. Statistics 
show enormous divergencies between the mineral intakes of people 
in different regions; but these appear to be the fortuitous results 
of widely unlike dietaries including water (as is the comparative 
dissimilarity in the fat and carbohydrate content of the diets of 
peoples living respectively In a tropical or frigid climate—differ- 
ences enforced by the unlike character of the available food sup- 
plies) rather than the expression of unlike metabolic needs. A 
beginning has hardly been made in this field of investigation 

[It is obvious that a growing, and bone-producing, or a milk- 
producing animal, requires calcium and phosphoric acid, and that 
at all periods of life chlorides are essential for the production of 
gastric juice. Conclusions like these afford an insufficient basis 
regarding the speczfic use of these as well as the other individual 
elements. Earlier observations have made it plain that stron- 
tium cannot replace ealeium, and that lithium compounds are 
too toxie to be substituted for other alkalies. Whether the al- 
kalies or alkali earths are to any degree interchangeable in the 
physiological function cannot be answered on the basis of any 
experimental evidence. The fetal athvrosis which results from 

Lusk, G., The Elements of the Seience of Nutrition, Philadelphia 
3rd edition, 1917 


Armsby, H. P., The Nutrition of Farm Animals, New York, 1917. 
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an assumed deficiency of the usual traces of iodine in the diet 
is an illustration of the unquestionable importance of one of the 
less common elements.* 

The recent conceptions of “physiologically balanced”’ solutions 
in their relation to biological phenomena, conceptions enlarged 
by Loeb and others, complicate the problem considerably by 
forcing a consideration of the possible antagonistic actions of 
different ions; for in many instances physiological well-being seems 
to depend on a balance between stimulations and inhibitions in 
which the inorganic make-up of the medium may play a directive 
role. Again the modern conception of the balanee of acids and 
bases in the body makes the interpretation of experiments affect- 
ing the inorganic metabolism of the organism difficult. Evidently 
it is imperative, if possible, to replace hypothesis and speculation 
by experimentally established facts. 

The ideal method which at once suggests itself for studying the 
role of the inorganic elements individually and collectively in 
nutrition would consist in observing the effect of svnthetic diets 
in which the content of every ingredient could be regulated at will 
both as to quantity and quality. Under such conditions the 
requirements of plants for the various inorganic elements were 


long ago demonstrated; but hitherto it has been impossible to 


apply similar methods to animals because mixtures of purified 
foodstuffs have always led to nutritive failure. 

Since the demonstration’ that comparatively small additions of 
yeast to otherwise suitable artificial food mixtures will render 
them entirely adequate for growth and maintenance, it has become 
possible to prepare diets from which one or another inorganic 
constituent can be excluded with the exception of the minute 
quantities introduced with the yeast and the unavoidable traces 
contained in the purified constituents of the food. 

Accordingly we have prepared a large variety of salt mixtures 
in which one or more of the elements has been omitted and re- 
placed by increments of the remaining ones so as to maintain the 
balance of acids and bases therein as nearly as possible. These 


were used to replace the complete mixture of inorganic salts which 


‘Smith. G. E., J. Biol. Chem., 1917, xxix, 215. 
Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 149. 
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our experiments as well as those of others have shown to bé ade- 
quate for the support of white rats from infancy to maturity. 

The various altered salt mixtures employed were made by 
dissolving the carbonates of the bases used in solutions of the 
required acids and then adding traces of other elements as aque- 
ous solutions of their salts. The resultant solution of the salts 
thus formed was then added to lactose, evaporated until the residue 
was dry, pulverized, and incorporated in suitable proportions in 
the food. 

The chemicals used in these experiments were mixed in the 
proportions shown in Table I. 


The foods had the following general composition: 


Protein : 18.0 
Lactose-salt mixture 98 0-290.5 
Brewer's yeast, dried 15-20 
Starch 25 .5-27.5 
Butter fat 18.0 
Lard 7.0 


The animals on these diets were given distilled water to drink. 
Sinee in using foods from which one or more of the different 
inorganic ions had been intentionally omitted it was impossible 
to exclude traces of them occurring as impurities in the organic 
products used, including the yeast, a quantitative analysis was 
made of each ingredient of the various diets, and the total content 


of each element accurately determined. 


K-free food (VII) contains 0.033 per cent K.* Control food (IV) contains 
0.833 per cent K.* 

Meo-free food (VIII) contains 0.012 per cent Meg Control food (IV 
contains 0.080 per cent Meg. 

Ca-free food (IX) contains 0.008 per cent Ca. Control food (IV) con- 
tains 0.546 per cent Ca. 

Na-free food (X) contains 0.035 per cent Na.* Control food (IV) con- 
tains 0.185 per cent Na.* 

Cl-free food (XIB) contains 0.035 per cent Cl. Control food (IV) con- 
tains 0.529 per cent Cl 

Me-, Na-, Cl-free food (XII) contains 0.012 per cent Me. Control food 
[V) contains 0.080 per cent Mg. 


Na and I< were not determined separately in the casein. 








TABL E L 





L ac tose-salt mixture 


= 5 eae 
Citric acid . H, O. 


Ferric citrate. 13H,0... ~ 


K,Al, (SC Vado 
Lactose. . 


In making all of these n mixtures s the chemics sals were found by analysis to be pure and allowance was made for their moisture 


content. 


ve eee 1246.0 











IV VII 
Control.! K-free.? 

gm. gm. 
13.48 | 13.48 
2.42 2.42 
3.42 | 14.26 
14.13 0.00 
10.32 | 10.32 
5.34 5.34 
0.92 0.92 
1.11 | 11.11 
0.634 | 0.634 
0.002 | 0.002 
0.0079 | 0.0079 
0.0248 | 0.0248 
0.00245} 0.00245 

246.0 








| 


3.42 
14.13 
10.32 

5.34 

0.92 
11.11 

0.634 

0.002 


0.0079 | 


0.0248 


0.00245) 


[246.0 


| 
| 


Ix x 
oF 8 Se. 
Ca-free.4 | Na-free.® | 

gm. gm 
0.00 14.72 

.42 2.55 
5.80 | 0.00 
14.13 | 16.66 
3.72 | 10.32 
5.34 | 5.34 
0.92 | 0.92 

; 41.11 | 11.11 
0.634 0.634 
0.002 | 0.002 
0.0079 | 0.0079 | 
0.0248 | 0.0248 | 
0.00245, 0.00245 

(246.0 246.0 





1 This mixture is based on the composition of the salts in milk. 
? This has the K in IV replaced by an equivalent amount of Na. 
’ This has the Mg in IV replaced by an equivalent amount of Ca. 


‘ This lacks the Ca in IV and three-fourths of the quantity of PO, required to form the CasP,Ox, in IV. 
Na,CO, equivalent to the remaining PO, has been added. 
’ This has the Na in LV replaced by an equivalent amount of Ca, Mg, and K added in the proportions in which they oceur 


in IV. 


0 
0 
246 


0. 


42 


3.42 


13 


7.50 


.00 
92 
ee 
634 
.002 


0248 
00245 
0 


0079 | 


xu 


Mg-, Na-, 
and 
Cl-free.’ 


13.48 
0.00 
00 
13 

.50 
00 
92 

5.00 

634 

002 

0079 

0248 

00245 

0 


“) 
gm. 
| 


| 
|. 


| 
| 
| 
| 
| 


| 13 


Xt 


|Na- and K- 
free.* 


gm 
48 
42 
00 
00 
16 
34 
92 
00 
634 
002 
0079 
0248 
00245 
0 


° This has the HCI in LV replaced by an equivalent amount of H:PO, calculated as a dibasic acid. 
7 This has the HCl in IV replaced by an equivalent amount of H;PO, calculated 
decreased to compensate for the removal of the Mg and Na. 


8 This has the citric acid omitted and the HPO, reduced to one-half the amount inIV to compensate for the removal of the 
In making this preparation the CaCO; and MgCO; were added to the HCI and H,SO,, 


Na and K, 
added last. 


* This has all of the Ca of IV replaced by an equivalent amount of Mg. 


1 This has the Ca, 


Mg, Na, and K reduced to correspond to the H,PO, removed. 


as 


a dibasic 


acid. 


The 


and then the 


XV | 
Meth? PO 
qm | 
0.00 12 
13.75 | 1 
3.422 | 1 
14.13 ; 
10.32 0 

5.34 5.: 
0.92 0 
11.11 A) 
0.634 0 
0.002 0 
0.0079 0 
0.0248 0 
0.00245 0 
246.0 246 


\ 


quant 


citric 


H,P¢ 


The citric acid is also reduced. 


XVI 


-free.i¢ 


92 
50 
634 
002 


0079 
0248 
00245 
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Mg-, Na-, Cl-free food (XII contains 0.035 per cent Na.* Control 
food (IV) contains 0.185 per cent Na.* 


Mg, Na-, Cl-free food (XII) contains 0.035 per cent Cl. Control food 
IV) contains 0.529 per cent Cl. 

Na-, K-free food (XIII) contains 0.035 per cent Na.* Control food 
IV) contains 0.185 per cent Na.* 

Na-, K-free food (XIII) contains 0.033 per cent | Control food (IV 
contains 0.833 per cent K.* 

Ca-free, Mg-rich food XV) contains 0.008 per cent Ca Control food 
[\ contains 0.546 per cent Ca 

PO -free food (XVI) contains 0.169 per cent P in casein food. Control 
food (IV) contains 0.511 per cent P in casein food 

P(),-free food (XVI) contains 0.035 per cent P in edestin food Contro!] 
food (IV) contains 0.372 per cent P in edestin food. 


\ccording to these figures none of the food mixtures were 
strictly Na-free, Mg-free, ete., but contained small, measured 
contaminations of the elements sought to be excluded, which in 
most were insignificant in comparison with the quantities present 
in our “‘standard’”’ foods. 

Typical results of feeding trials with these defective salt mixtures 
are shown in a few appended charts. In several cases the out- 
come was quite unexpected to us. Thus the rats on the diets 
low in their content of magnesium (Chart II, Rats 3773, 377 
sodium (Chart I, Rats 3854, 3848), and chlorine (Chart III, Rats 
1167, 3850) respectively, grew with vigor in so far as one may 
judge by gains in body weight. Less than 0.04 per cent of either 
sodium or chlorine in the food sufficed to permit these rats to 
complete their growth. Indeed, one of these animals (Rat 3854 
Chart I) grew to unusual size. <A similar result was obtained 
with the diets which contained only slightly more than 0.01 pel 
cent of magnesium (Chart II). Here, however, the relative 
difference between the control food and the magnesium-low food is 
not so great as was the case for the other elements just discussed. 
When all three of the elements, magnesium, sodium, and chlo- 
rine, were offered in barely more than traces, good growth was 
likewise possible (Chart I, Rats 4048, 4038). With only 0.03 
per cent of potassium in the diet considerable growth was like- 
wise attained (Chart I, Rats 3787, 3801), although a limit to 
increment of weight seemed to be imposed by the proportion 


afforded in these experiments. When both sodium and potassium 
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were simultaneously decreased in amount (Chart I, Rats 4163, 
4171) growth ceased. The subsequent addition of sodium alone 
(Diet VII) at an early stage of growth caused only slight gain; 
but later, on substitution of potassium for sodium (Diet X), 
rapid recovery took place. After this, growth continued when 
sodium replaced potassium. The explanation may be that when 
both sodium and potassium are lacking, potassium is excreted; 
but when the diet contains enough sodium, potassium is tena- 
ciously retained in the body. 

In striking contrast with the foregoing experiences indicating 
the possibility of growth despite low levels of intake of either 
sodium, potassium, magnesium, or chlorine are the results of 
feeding diets low in calcium or phosphorus. The growth curves 
of Rats 3820, 3849, 3760, 3785, in Chart II, exhibit the char- 
acteristic slowing of growth which is promptly altered by the 
introduction of calcium in inorganic form. Our experiments 
also confirm those previously made by others in showing that even 
large additions of magnesium cannot replace caleium (see Rats 
4166, 4120, Period XV, Chart II). 

The lack of sufficient phosphorus in the diet is likewise promptly 
exhibited in a cessation or restriction of growth. From his 
studies of American dietaries Sherman® has reached the con- 
clusion that present food habits are more likely to lead to a de- 
ficiency of phosphorus compounds than to a deficiency of protein 
in the diet. He regards it as not improbable that many cases of 
malnutrition are really due to an inadequate supply of phosphorus 
compounds. In our experiments where the protein furnished 
phosphorus, as in the case of casein, the inhibition of growth was 
not so pronounced as where the protein edestin, which contains 
no phosphorus, was furnished. With edestin foods, likewise, 
addition of inorganic phosphorus to the diet brought prompt 
responses (see Rats 4119, 4124, Chart III), thus proving that, 
aside from possible minute quantities, phosphorus in organic 
combmation is not needed by the growing animal. 

It has long been known that the organism can endure a con- 
siderable reduction in the customary intake of sodium chloride 


without any obvious untoward effects. There seems to be an 


6 Sherman, H. C., Chemistry of Food and Nutrition. New York, 1911, 


4 4 
265. 
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extraordinary capacity for adjustment to varying quantities of 
this salt. When an abundance is offered in the diet the elimina- 
tion of chlorides through the kidneys, which are the only signi- 
ficant path for their excretion, is large; on a restricted chloride 
intake the output promptly falls (except perhaps in certain cases 
of pathologic ‘‘salt retention’’). In starvation the output does 
not continue at a low level as is the case with some of the other 
inorganic elements and nitrogenous wastes, but sinks almost to 
zero. Referring to observations on man Sherman states that 
even where there was complete deprivation of salt during 10 to 
13 days, the total loss did not exceed 10 to 15 per cent of the 
amount estimated as usually present in the body. Rosemann? 
has demonstrated that a diet deficient in chlorides leads at most 
to an insignificant reduction of the total chlorine content of the 
body in animals. Excretion of the element stops under such 
conditions; but signs of malnutrition are speedily elicited when 
chlorine is withdrawn from the body by actual removal of the 
hvdrochlorie acid of the gastric juice through a fistula. Until 
such losses are artificially enforced the gastric juice still maintains 
essentially its normal composition with respect’ to hydrochloric 
acid. The ability of our rats to continue in health for a time on a 
diet low in chlorine might have been anticipated on the basis of 
previous experience. It could hot, however, have been expected 
that they would continue to thrive so long or attain so many 
times their original weight on such an extremely low chlorine 
intake.» The outcome of these experiments cannot be due to 
substitution of other anions for chlorine, but is attributable to a 
husbanding of this specific element. 

What applies to chlorine is presumably true of some of the 
other elements like sodium, potassium, and magnesium. That 
these may to some degree be essential to the adjustments of neu- 
trality regulation is indicated by the failure to grow when, both 
sodium and potassium were practically excluded from the diet, 
whereas growth was nearly or quite normal when only one of 
these elements was missing. That these elements take part in the 
processes regulating the neutrality of the body fluids is to be 
assumed from what has been learned by experimental work in 

7 Rosemann, R., Arch. ges. Physiol., 1911, exlii, 208 


* The animal body contains about 0.2 per cent chlorine 
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vitro along these lines, and also from the fact that our experi- 
ments with diets essentially free from both sodium and potassium 
have led to nutritive failure. 

From our experiments with the so called ‘“‘magnesium-free”’ 
diets, no conclusions can be drawn respecting either the persist- 
ency of its retention or the part it takes in regulating neutrality, 
because the amount of magnesium in the diets used was not 
relatively very low compared with the amount present in many 
ordinary foods. 

That in the long run much smaller quantities of those inorganic 
elements which can be husbanded will be required for well-being 
than of those which are needed for the maintenance of neutrality 
and hence are continuously eliminated is manifest, wholly apart 
from any quantity necessary for the construction of special 
tissues like bone or for the production of milk. 

We believe that the conventional “salt balance’ experiments 
are less likely to permit a satisfactory elucidation of the need 
and réle of the specifie inorganic elements than feeding experi- 
ments, of which beginnings are here reported; for in these every 
factor can be better controlled. Recent studies plainly show 
that a deficiency of any factor essential for growth is followed by a 
failure of growth of the body as a whole, and not by the production 
of abnormal tissues due to the lack of some element. Here again 
the ‘law of minimum” reasserts itself in the part played by salts 
in nutrition. 

The fact that the growing animal can fully supply from inorganic 
sources its requirements for the elements specially discussed in 
this paper emphasizes anew that it is unnecessary to consider the 
presence of caleium, phosphorus, and iron, for example, in natural 
foods to the degree that is currently believed.’ (ny shortage of 
an essential inorganic element can be suitably remedied under 
ordinary conditions by the use of its salts. For feeding farm 
animals, where the lack of caleium and phosphorus in their grain 
rations is always encountered, the ‘demonstration that complete 
nutrition can be attained upon diets in which the inorganic 
’See Sherman, H. C., and Gillett, L., The Adequacy and Economy 
in Some City Dietaries, New York, 1917. 
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ingredients are supplied in the form of their commercial salts 


has a significance that is just beginning to be appreciated. 


10 An excellent résumé of the literature on the requirements ol tarm 
inimals for mineral matter will be found in Henry, W. A., and Morrison, 
| B., Feeds and Feeding, Madison, 15th edition, 1915, 62. See also 
numerous recent bulletins of the Ohio Agricultural Experiment Station 


by Forbes ind coll itborators. 













































































460 
100 gm. food contains & 
440| Experimental food| Standard food 17! j 
(eolid line) (dotted y/ 
VII = 33 mg. £ IV = 833 : 
420|%  * 35 mg. Na |IV = 165 | os | 
aizz o( 22 SE isy afte | 
"'35 mg. Na =" 185 | 
400 35 mg. Be 185 
X11 ={12 mg. Mg |IV ={ 60 | 
‘35 me. Cl 529 
380 Z 
360 | 
| 
6——t — 
: 
320 /\ 
1 
—" ! 
300 ‘* a 
/ ce 
280 = 
d ze 
260 =~ ita 
P i e— 
240 ” 
/ # 4 
200 — 











--&j 

















Y 
Ay/ 
oh e/ 
AVA, 
“4 



















































































5 
oe? es > 
140|— * v4 y % 
/ a, f Character of Diets | 
7 7 VII low 
y. ; / ! Zz low 
; y, 
7 Py 4 XII low 
Jt x 
"4 7 a XIII low 
| 





Tm 


no growth was obtained during the first period (XIII) in which the diet was low in both sodium and potassium. 
potassium had been introduced for a time (Period X) into the diet. Period [V at the end of the feeding trials marks the return to the “‘standard food.” 


complete composition of the foods is indicated in the text. 


Cuart Il. Showing excellent growth of albino rats on diets low in sodium (Rats 3854 and 3848), and on diets low in sodium, chlorine, and magnesium 
Very considerable growth was also obtained on diets decidedly low in potassium (Rats 3787 and 3801) 


Rats 4048 and 4038). 


In the case of Rats 4163 and 4171 
Growth was not satisfactory in these animals until 
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Cuart il. Showing good growth on diets comparatively low in magnesium (Rats 3773 and 3774). 


When the diet was low in calcium (Period 


IX, Rats 3820, 3849, 3760, 3785) growth invariably stopped sooner or later and usually decline ensued until calcium was reintroduced into the 
diet in some form. Where the “standard food’’ was employed the recovery was prompt and rapid (Period IV, Rats 3849, 3760, 3785). It will be 
noted that when restoration was brought about by addition of calcium carbonate in the periods after the decline on diets poor in calcium (Period LX, 
Rats 3820, 3849, 3760, 4120, 3785) the response was usually more pronounced with a higher content of calcium (1.35 per cent CaCO,) than with the 
lower supplement (0.35 per cent CaCO;). Rats 4166 and 4120 which received during Period XV a diet poor in calcium failed to thrive despite a 
largely augmented supply of magnesium. This is only another illustration of the now established fact that magnesium cannot replace calcium in 
the body. Period IV at the end of the feeding trials marks the return to the ‘‘standard food.’”’ The complete composition of the foods is indicated 


in the text. 































































































































































































340 + — -., oe |  eceaee 
| yh | 
320} t | 
Character of Diets ! B 
300} IB low in Cl n 7 = aaa Win 8: Se 
} . ow n j re j-7 | 
| XVI low in P | Lill NY | 
_ p= 
L - TT iS! 
| } i 
m4 on A »v 
260 ~ + "4s ’ , yi | 
7 . ; &y, 
240+ v 7 - , 
| 1,” kL iS Q ‘a 
| id : | 
22 iw < 7 Bi my t ' ) 
ic / , ! . te 
200 oz T ee ~e _Zeaseiy RS fe 
<7 rF a ¥ ' t Ke, 
a mn XW Faest;, v rye Dp 
\/ 4 : o,’ ™. 
180 a 7 ’ 1 H ° 7 . 
cy % an roy | 5 
160 Me yt 1 sy ae 
mf 1 .% Rey f 
~ /|& RAY “) 
140+ x 7 7 | / a / v 
he fh ’ gy 100 gm. food contains 
/ _& tu By wf Experimental food Standard food 
120 A + r {solid line) (dotted line) 
yy aestin | Ay .20 | XIB= 35 mg. Cl |IV = 529 mg. C1 
/ / f Days 169 mg. P in 511 mg. P in 
100 f 7 4 xyr casein food Iv easein food 
t i W/ 35 m. P in ='372 mg. P in 
J ANY edestin food edestin food 
80 1 ott 
a/ / a ' 
6 LL 
Days 


diets poor in phosphorus (Rats 4124, 4119, Period XVI). 


Cuart III. Showing excellent growth on diets low in chlorine (Rats 4167 and 3850, Period XIB) and 


the failure to grow on 


It will be noted in the latter cases that the nutritive failure was far more 


rapid when the phosphorus-free protein edestin was fed than when the phospho-protein casein entered into the diet. In the 
Periods IV, edestin, Rat 4124, practically all of the phosphorus was supplied in inorganic form. Period TV at the end of the feed- 


ing trials marks the return to the “standard food.’’? The complete composition of the foods is indicated 


in the text. 
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In two previous papers, the writer described the effects of acids, 
alkalies, and salts,' and the effects of combinations of salts with 
acids and alkalies? on the precipitation of gelatin by aleohol. In 
a preliminary paper,’ a brief account was given of antagonism 
observed between different salts in gelatin, these results being of 
particular interest to the biologist from the point of view of the 
antagonism found between various salts in their effects upon 
organisms. The present paper deals in more detail with the effect 
of mixtures of salts upon gelatin from this point of view. 

If the experiments with gelatin are to be used as a basis for 
general conclusions, it is absolutely necessary in determining the 
effect of one salt upon another to combine them in all possible 
eoncentrations. It is not enough to know that 0.5 Mm CaCl 
decreases the effect of 0.56 mM NaCl; the effect of higher or lower 
concentrations of CaCl. upon either higher or lower concentrations 
of NaCl may be, and usually is, quite different. This failure to 


use a sufficiently representative series of concentrations of the 


salts is largely responsible, in the writer’s opinion, for some of 
the conflicting results obtained in antagonism experiments. 

In regard to the biological work which has been done on salt 
antagonism the following brief statement must suffice. Loeb* has 


Fenn, W. O., J. Biol. Chem., 1918, xxxiii, 279. 
Fenn, J. Biol. Chem., 1918, xxxiii, 439. 
Fenn, Proc. Nat. Acad. Sc., 1916, ii, 534, 53 
‘ Loeb, J., Proc. Nat. Acad. Sc., 1915, i, 473. 
14] 
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distinguished two kinds of antagonism: (1) that between mono- 
valent salts (like NaCl) and salts with bivalent or trivalent cations, 
and (2) that between monovalent salts and salts with bivalent or 
trivalent anions. . 

Instances of the former, or ‘‘cation antagonism,’’ are too numer- 
ous in papers of Loeb® and of Osterhout’ and of others to need 
mention. Cases of the latter, or ‘“‘anion antagonism,” are not so 
well known. As both cation and anion antagonism are found in 
gelatin, it seems desirable to review the biological evidence for the 
latter. 


Miss Moore’ found that Na.SO, was able to antagonize the effects of 
NaCl on mosquito larvee and tadpoles. NaCl alone prevents the rhyth- 
mical contraction of the lymph hearts of the frogs, but this toxicity 18 
prevented by Na,SO,. Toad and frog muscles were also found to retain 
their vitality longer in Na,SO, plus NaCl than in NaCl alone. Neilson’ 
found that Na.SO, and Nas; citrate slightly antagonized the toxic effect of 
NH,Cl and KCI on frog’s muscle. NaCl and LiCl were not thus antago- 
nized. Loeb and Cattell? observed that sodium salts hinder the poisonous 
effect of KCl on the heart of the embryo of Fundulus, the effectiveness 
increasing with the valency of the anion. Striking cases of anion antag- 
onism between NaCl and Na.SO,, NaCl and NaoCO;, and Na SO, and 
Na,CO; have been discovered by Lipman,'® using nitrification and ammo- 
nification of soils by bacteria as criteria. Loeb,'! on the other hand, states 
that mono-, bi-, and trivalent anions always failed to inhibit the toxic 
action of NaCl on the formation of embryos of Fundulus. Anion an- 
tagonism is, therefore, certainly found in biological work, but it is less 
pronounced than cation antagonism. 

In spite of the large amount of biological work which has been done on 
salt antagonism, comparatively little attempt has been made, until recently, 
to find similar phenomena in non-living systems 

Linder and Picton (1895)'? investigated the precipitation of arsenious 
sulfide in salts and mixtures of salts. They concluded that electrolytes 
with a positive cation including H) were additive in their effects, but that 


5 Loeb, Arch. ges. Physiol., 1905, evii, 252, and literature cited there. 
6 Osterhout, W. J. V., Bot. Gaz., 1906, xlii, 127; 1907, xliv, 259. 

7 Moore, A., Am. J. Physiol., 1901, v, 87; 1902, vii, 315. 

§ Neilson, H., Am. J. Physiol., 1902, vii, 405. 

» Loeb, J., and Cattell, MeK., J. Biol. Chem., 1915, xxiii, 41. 

Lipman, C. B., Centr. Bakteriol., 1912, xxxvi, 382. Lipman, C. B., 
and Burgess, P. S., zbid., 1914, xli, 430; 1914, xlii, 502. Lipman, Plant 
World, 1914, xvii, 295. 

11 Loeb, Am. J. Physiol., 1901-02, vi, 411. 
Linder, S. E., and Pieton, H., J. Chem. Soc., 1895, Ixvii, 63. 
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salts with monovalent cations were antagonized by salts with bivalent 
cations. Blake (1903)'* confirmed these conclusions as to the antagonism 
} 


between univalent and bivalent metals in a study of the effects of electro- 


I 
lytes on colloidal gold Bechhold (1904)'4 and later Bender (1914 studied 
the precipitation of colloidal mastic in mixtures of electrolytes. Pauli 
lt 


1899, 1904) has studied the effects of mixtures of a few salts on the tempera- 


ture of coagulation of egg white'® and its precipitation by mixtures of salts. 

In the latter case only did he use salts which might be expected to show 

antagonism, but he used comparatively few concentrations and his con- 

clusions are not easily summarized Hardy (1905),'8 in an investigation 

of the dispersing action of electrolytes on globulin, concluded that the 
fh 


e sum o 


solvent powers of two salts when acting simultaneously was t 


their solvent powers when acting separately. The following pairs of salts 
he found to be additive in their dispersing action: KCl] and NaCl, KCI and 
K.SO,, KC] and MgSO,, NaCl and K,SO,, KBr and Na,SO,;. Mines (1910 

presented evidence of antagonism between trivalent cations and trivalent 
anions. Schryver (1913)?° discovered that the chlorides of K, Na, Mg, and 
Li prevented the action of CaCl, in causing solutions of sodium cholate to 
gel. More C 
Clowes (1913)?! showed that electrolytes with more strongly adsorbed 


in turn prevented the dispersing action of these salts. 


cations antagonized those with more strongly adsorbed anions in their 
effects on oil-water systems. The anion of NaCl is regarded by him as 
more strongly adsorbed than the cation. Lenk (1916)? measured the swell- 
ing of gelatin in salts and mixtures of salts. He found less swelling in 0.2 m 
NaCl plus 0.2m KCl than in 0.2m NaCl alone. In a similar way he finds 
antagonism between NasSO, and NaCl, MgCl and MgSO,, NaCl and 
MgSO 4, NaoSO, and MgCl., and NaCl and CaCl,, but none between Ca and 
Hg or Ca and Mg. The writer finds the antagonism between NaCl and 
KCl very difficult to understand and has tried repeatedly, but in vain, to 
find any hint of such relationship between these salts in their effects upon 
the precipitation of gelatin by alcohol. Recently Loeb (1917)%* showed 
that small amounts of Ca prevent the swel ing of powdered gelatin which 


has previously been treated with NaCl. 


13 Blake, J. C., Am. J. Se., 1903, xvi, 433. 
* Bechhold, H., Z. physik. Chem., 1904, xlvili, 385. 
1s Bender, R., Aolloid-Z., 1914, xiv, 255. 
Pauli, W., Arch. ges. Physiol., 1899, Ixxviii, 333. 
17 Pauli, Beitr. chem. Physiol. u. Path., 1904, v, 27. 
‘8 Hardy, W. B., J. Physiol., 1905-06, xxxiil, 251. 
Mines, G. R., J. Physiol., 1910, xl, 327; 1911, xlii, 309. 
° Schryver, S. B., Proc. Roy. Soc., Series B., 1912-13, Ixxxvi, 460. 
21 Clowes, G. H. A., Proc. Soc. Exp. Biol. and Med., 1912-13, xi, 1, 4 
Kolloid-Z., 1914, xv, 123; J. Physic. Chem., 1916, xx, 407. 
22 Lenk, E., Biochem. Z., 1916, Ixxiii, 15. 
Loeb, J. Biol. Chem., 1917, xxxi, 348 
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To avoid confusion it is important to define carefully our crite- 
rion of antagonism. The ideal criterion is that of Osterhout*4 who 
defines two electrolytes as antagonistic if the combined effect is less 
than the additive effect, the additive effect being the effect produced 
in a mixture when each substance acts independently of the others. 
When two salts act in exactly the same way so that a molecule of 
one may be replaced by a molecule of the other without altering 
the effect, the additive effect is easily determined? by simply 
adding together the concentrations of the two salts. When, 
however, the two salts do not act alike, 7.e., when the dilution 
curves differ as much as they often do in gelatin, the additive 
effect can only be approximated. It is, however, always true 
that the effect of two salts when they act independently, /.e., 
the additive effect, is at least as great as the effect of the most 
strongly acting salt alone. It is, therefore, perfectly safe to say 
that antagonism exists if the combined effect of two salts is less than 
the effect of the most strongly acting salt in the absence of the other 
and in the same concentration in which it exists in the combina- 
tion). If the combined effect is greater than this there may still 
be some slight antagonism for the detection of which the additive 
effect must be determined. This criterion will nevertheless be 
used throughout this paper because of its convenience, as all the 


cases of antagonism observed are quite pronounced. 
De scription of the Vethod. 


The details of the method of experimentation are given in the 
first paper of this series.’ It consists essentially in adding 95 
per cent alcohol to 5 ec. samples of gelatin dissolved in the solution 
of the electrolytes which it Is desired to investigate until an opaque 
precipitate is produced. The number of ce. of aleohol required 
to produce a precipitate under these conditions will be called the 
“aleohol number.”” Two determinations of the alcohol number 
were made for each solution investigated. The fact that this 
method gives results which agree in general with those obtained 
by measurements of viscosity, temperature of gelation, and swell- 
ing proves that the alcohol number is an accurate index of the 


*4 Osterhout, Bot. Gaz., 1914, lviii, 178. 
°> Osterhout, Bot. Gaz., 1915, Ix, 228. 
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physical condition of the protein. This method possesses advan- 
tages over other methods in being simpler, more sensitive, and 
more accurate. 


Statement of Results. 


1. Salts (like NaCl) with monovalent anions and cations, de- 
crease the effect on gelatin of salts with bivalent or trivalent anions 
or cations. 

2. Salts with bivalent or trivalent cations decrease the effect 
on gelatin of salts with bivalent or trivalent anions. 

3. Small concentrations of salts with bivalent cations (like 
CaCl.) decrease the effect of NaCl on gelatin but small concen- 
trations of salts with bivalent or trivalent anions (like NaoSO, 
increase the effect of NaCl. This increase, however, is less than 
it would be if the NaCl were not present, 


CC. ALL... TO PPT. CC. ALC. TO PPT, 
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Fic. la. Curve showing that small concentrations of CaCl, decrease 
the effect of 1m NaCl on gelatin. This indicates antagonism. The 


ia. lb. The upper curve shows the decrease in the alcohol number 


minimum is probably an isoelectric point. At this point Cl: Ca 100: 8. 

| 
caused by adding CaCl, to gelatin plus 2m NaCl. The dotted line shows 
the effect of 2m NaCl without addition of CaCl,. The minimum has not 
yet been reached. The lower curve shows a sharp minimum caused by 
the addition of small concentrations of CuCl, to gelatin plus 0.25 m NaCl. 
At this point Na: Cu 100: 1.5. Both curves show antagonism. (See 
Table I. 
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rABLE If. 
VaCl Anta jyonized by CaCl. CuCl, and Cu(NO; 


(la) CaCh in gela- |(1b) CaCh in gela se Pg WOe)s ce Cu(NOs)2 in es im oe 2 : 
tin Im NaCl tin 2m NaCl NaNOu sth gelatin NaCl * 
goa | SB | Bee | BS | Fz | S81 3E | BS | Fee) FS 
Sse 38 | 830 |] 38 | 850 | 38 | Sac S68 |es0| $8 
\ M 
0.5 10.2 0.13 12.55 |0.5 12.311.0 13.7 \0 12.9 
0.4 10.0 | 0.065 | 12.6 (0.25 12.610.5 13.7 |0.25 12.6 
0.3 10.0 | 0.0375) 12.87 |0.125 13.410.25 14.1 10.125 | 11.9 
0.2 Y § O.OLSS8) 12.95 0.0625 13.9.0.125 17.6 (0.0625 10.9 
0.1 9.6 0.0 13.25 |0.0312 13.80.0625 Noppt.0.0312 9.7 
0.0 10.3 0.0156 111.610.0312 | *“ “ (0.0156; 8.1 
2 per cent. 0.0078 § 30.0156 : - ) OO7S 6.8 
3 percent gel- gelatinAat 0.0039 310.0078 | “ “ '0.0039! 6.7 
atin Bat room au GU 0.00195 5.7'0.0039 7! ee o.2 
temperature 0.0 7.60.00195 S85 
Four deter- 4 0.0 {.7|2 per cent 
minations 2 per cent gelatin <A 
for each gelatin A | 2percentgel- ‘fo > ¢ oe 
point were at 30°C itin A at for Lhr 
averaged for 15 hrs about32°C 
for 24 hrs 
lor the effect of CuCl. alone see the first paper! of this serie ible II 


In each experiment the first column shows the concentration of the 
ilcohol rhe 


second col imn shows the numbe r of ee. of 95 pe! cent alcohol which h id to 


variable electrolyte in the gelatin before the addition of 


be added to 5 ec. of the gelatin-electrolyte mixture in order to produce 


I 
an Opaque precipitate. Kach figure represents the average ot two de- 
terminations. The test-tubes containing the gelatin were allowed to stand 
at constant temperature before use in order to reach equilibrium. Gelatin 
A was 4 purer grade of commercial gelatin than B. See Fig. 1 


EXPERIMENTAL. 


Salt antagonism has been studied in gelatin by the alcohol 
method in two ways. First, the concentration of one salt was 
held constant while that of the other was increased. Second, 
the concentrations of both salts were varied simultaneously. 
These two methods will be discussed in turn. 

In Fig. la is illustrated the effect of increasing concentrations 
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of CaCl. (abseisse) on the aleohol number (ordinates) of gelatin 
made up in molecular NaCl. At first there is a rapid drop in 
the curve to what is probably an isoelectric point, where the pro- 
portions of Cl to Ca are 100:8. If the gelatin is made up in 
weaker NaCl, this drop in the curve disappears but antagonism 
is still shown by the fact that the CaClk curve rises much less 
rapidly than in the absence of NaCl. This in itself is proof of the 
fact that NaCl decreases the effect of CaCl, on gelatin, as well as 
vice versa, but further evidence will be presented later (Figs. 8a 
and 8b). 

(Antagonism between NaCl and CaCl, is also shown in the uppet 
curve in Fig. 1b where the addition of CaCl to gelatin plus 2 m 
NaCl causes a decrease in the alcohol number. The dotted line 
shows the effect of 2m NaCl without addition of CaCl. The 
minimum of the curve has not been reached as there are not yet 
as many as eight atoms of Ca to 100 of Cl, this being approxi- 


mately the necessary proportion for the isoelectric point. 


In a previous paper, CuCl. was shown to be much more effective 


than Cal ‘lo in preventing the precipitation of gelatin by alcohol. 
It is to be expected, therefore, that less Cu than Ca would be 
required to bring the gelatin to the isoelectric point. This 
expectation is verified in the lower curve in Fig. 1b where the 
effect of increasing concentrations of CuCl on the aleohol num- 
ber of gelatin plus 0.25 m NaCl is shown. The curve is seen to 
pass through a sharp minimum at a point where the proportions 
ati te-G 


1 are 100:1.5. After the minimum, the curve rises 


again but not so rapidly or so high as if the CuCl, were present 


without NaCl. In pure CuClk no preeipitate at all can be ob- 
tained with aleohol, between the concentrations of 0.002 and 0.125 
M. In Table I are also given figures for the effeet of Cu( NOs)2 
on the alcohol number of gelatin plus 0.132 mM NaNOs and for Cu 
(NQOs)o alone. These figures closely resemble those for CuCl. 
The proportions of NO; to Cu at the minimum are in this case 
100: 2.7 

Ink 


dissolved in water, in 1.5 M CaCk, and in 2 Mm NaCl respectively. 


ig. 2 are three curves showing the effects of AIC]; on gelatin 


Above the concentration of Al( ‘1s where the broken line bye gins in 
the water curve, no precipitation of the gelatin by alcohol was 
possible. In the presence of NaCl or Cat 


preeipitation oecurs. 
I I 
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hic. 2. Curves showing that increasing concentrations of AICI, entirely 





prevent the precipitation of gelatin by alcohol (broken line). 1.5 m™ CaCl, 
and 2 Mm NaCl make precipitation possible by their antagonistic action on 
AICI;. The dotted line indicates that gelatin is precipitated by 
AIC], NaCl in these concentrations without alcohol. See Table II 
rABLE If. 
mM NaCl and 1." m CaCl, Decreasing the Effect of AlCl. 
\1Ch in gelatin AICIs ir gelatin 2m NaCl AK Avg putin t be a 
Concentra-| 4 ieohol to | ,Concen er Concen~_ | 4 icohol to 
, | peecspstate TA ‘. a al “AIC. _| Precipitate 
M 
0.0022 No ppt 0.0032 Ppt. without alcohol 0.0625 No ppt 
0. O0O11 » 85 0.0016 14.0 0.0312 22.5 
0. QO0DS5 5.55 0. QOOS la.4 0.0156 17.5 
0.00028 $9) 0.0004 i3.o 0.0078 17.0 
0.00014 t.65 0.0002 13.45 0.00389 14.9 
0.0 t 4 0.0 13.25 0.00195 1;.9 
0.00097 13.6 
2 per cent gelatin | 2 per cent gelatin A at 30°C. for | 0.0 3.2 
A at 30°C. for 19 hrs. 
15 hrs. | 2 per cent gelatin 


A. Temperature 
varied previous 


to titration be- 


| cause regulator 
| ’ 
} broke. 


or other details see Table I. See | ig. 2. 
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100:7 
Na-CIT 
le bs ’ 
) 
] 2 M 
Nact 
Fic. 3. Curves showing that small concentrations of NaCl decrease 


i.e. antagonize) the effect of NaoS¢ Ms and Na. citrate on the alcohol number 
of gelatin. The proportions of Na to SO, and Na to citrate at the minima 
are 100: 20 and 100:7 respectively. See Table IIT. 


rABLE Il 


VaCl Decreasing the Effect of Na,SO, and Nas Citrate 
Nal i 0.( VN aeSO NaCl and K¢ lat 0 iN 
( \ 7 { ~ or \ 7 
0.5 9.5 0.5 9 25 
0.25 8.4 0.25 & O05 
0.125 8.0 0.125 7.45 
0.0625 7.9 0.0625 6.95 
0.0312 8.2 0.0312 7.0 
0.0156 8.3 Concentration of 
KCI. 

0.0078 8.8 0.5 9.2 
0.0039 8.9 0.25 8 3 
0.00195 9.0 0.125 7.35 


0.00097 9.] 0.0525 6.85 
0.0 9.2 0.0312 7.05 
0.0 8.6 
3 per cent gelatin C at 26°C. for 20 
hrs. 3 per cent gelatin B at 26°C. for 24 
hrs. 


Other details as in Table 1. See Fig. 3. 
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Na:- CITRATE —> Na2SOz > 


hig. 4. Curves showing that in the presence of 0.5 Mm KCI, the maximum 
of the Na, citrate curve (broken line) is lowered. This shows antagonism. 
rhe curve shows also that small concentrations of Na, citrate cannot cause 
a decrease of the effect of KC] as CaCl can See Table I\ 

Fic. 5 Chis curve shows that in the presence of 0.5™M KC] the maximum 

the N rofl ds curve bas dis ippeared Che det rease whi h 1S shown here 
is the same as the decrease in the alcohol number in high concentrations 


of pure Na SOs. See Table I\ 





ABLE | 
VaoSO,4 and Nas Citrate tn Gelatir 05MACI 
{ rat : ( ‘ I 4 

NaoSO Al reciy \ ; \ I ¢ 
0.25 1.6 0.25 9.9 
0.125 : 0.125 S.4 
0.0625 2.0 0.0625 5.3 
0.0312 3.2 0.0312 9.2 
0.0156 1.6 0.0156 9.3 
0.0078 8.2 0.0078 9.2 

0.0 a 0 


3 per cent gelatin B at 26°C. for 30 hrs. 


Other details as in Table I. See Figs. 4 and 5. 
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8, 13 J 
IN 
. NaCl.05M 
© 1] 
' T T _ 
- .l 2M 0 25 5M 
Na2SO« + KCl ” 
Fia. 6. Fig. 7. 
lig. 6. This curve shows that small concentrations of Na,SO, (unlike 
CaCl,) increase the alcohol number of gelatin plus 0.05 m NaCl. They 


would increase the alcohol number of pure gelatin still more. 


The small 


initial decrease is due probably to the acidity of the gelatin and is not 


significant. See Table V. 


Kia. 7. Curve showing that no decrease in the alcohol number is ob- 
tained by adding KCI to gelatin plus 0.5 m NaCl. KCl and NaCl are 
therefore not antagonistic but interchangeable in their effects See 
lable \ 

rABLE V 
Va.SO,; and KCl in Gelatin Vall 

NaeSO, in gelatin + 0.05 m NaCl KCl in gelatir 0.5m NaCl ! 
Concentr on ¢ Aleohol to Concentration of Alcohol t 

NaosO) precipitate K¢l preci 

- M 

0.189 6.8 0.5 12.8 

0.095 7.95 0.25 12.3 

0.048 7.65 0.125 12.0 

0.024 : 0.0625 11.7 

0.012 6.6 0.0312 11.6 

0.006 6.2 0.0156 11.5 

0.003 6.25 0.0078 11.4 

0.0 6.30 0.0 11.3 


2 per cent gelatin A at 30°C. Con- 
trol is average of four determina- 


tions, 


Other details as in Table I. 


see 


2 per cent gelatin A at 30°C. 


» Figs. 6 and 7. 
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The effect of NaCl is greater than that of CaCl in antagonizing 
the AIC], and making precipitation by alcohol possible. The 
action of the two is not the same, however, because small amounts 
of CaCl, would be expected to increase the effect of small amounts 
of AIC]; on gelatin, if AIC]; behaves like HCI in this respect as it 
does in others. Furthermore, AlCl;, when combined with NaC] 
in the proper proportions is a strong precipitant for gelatin] 
but not when combined with CaCh. This indicates that NaC, 
can make gelatin plus AIC], isoeleetric, but CaCh cannot. NaCl, 


therefore, decreases the effect of AIC]; on gelatin. AICI;, however, 
slightly increases the effeet of 2M NaCl on gelatin as seen by the 
slight rise of the NaCl curve. With weaker NaCl, the rise would 
be correspondingly greater, but it is always less than would be 


expected if no NaCl were present. 

It has already been shown that NaCl in gelatin made up 1n 
acid. alkali AlCl (lig. 2), or ¢ ‘al lb (Fig. 1, see also Fig. 8) can 
decrease the alcohol number. Fig. 3 shows that this is also true 
for gelatin dissolved in 0.02 m NasSO, and 0.005 mM Nag citrate. 
As the concentration of NaCl is increased, there is a rapid decrease 
in the aleohol number until a minimum is reached. This, again, 
is probably an isoelectric point. The proportions of Na to SO, 
or citrate at this point are 100: 20 and 100: 7 respectively. These 
proportions are about what would be expected. The citrate ion, 
being trivalent and giving an alkaline solution on hydrolysis, 
requires more Na to “neutralize” it than the SO, ion. 

NaeSO,and Nas citrate are, therefore, undoubtedly antagonized 
by NaCl, but unlike CaCl, they are unable to cause a decrease 
in the aleohol number when added in small amounts to gelatin 
plus NaCl. This is shown for Na; citrate and KCI in Fig. 4. 
The horizontal dotted line (showing the effect of pure 0.5 m KCI) 
is drawn to show that the first effect of the Nag citrate is to cause 
an inerease in the aleohol number above that caused by KCl 
alone. This increase, however, is not so great as would be ex- 
pected for pure Nag; citrate without NaCl. (The curve for Nas 
citrate alone is shown in broken line.) The fact that the pres- 
ence of KCI lowers the maximum of pure Nag; citrate is proof of 
antagonism. 

The greater the concentration of KCI in the gelatin, the less the 
initial increase in the aleohol number and the sharper the sub- 
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sequent decrease. Finally, a point is reached where the initial 
increase disappears altogether and only the subsequent decrease 
remains. With NasSO,, which has less effect when acting alone 
than Nas; citrate, less KCI is necessary to reach this point. Fig. 
5 shows that 0.5 m KCl is sufficient. The decrease in the aleoho] 
number, shown here, when NagSO, is added to gelatin plus KC], 
is due to the same factor that causes the decrease in the aleoho! 
number in high concentrations of NasSO, alone. It is not com- 
parable to the decrease caused by CaCle in Fig. 1. 

On the other hand, if the concentration of the KCl in the 
gelatin in Fig. 4 is decreased, the initial increase becomes great 
It is always, however, less than would be expected if there were n 
antagonism. Such a ease is shown for NasSO, and NaCl (which 
acts like KCl) in Fig. 6. The very small initial decrease in this 
experiment Is probably due to the acidity of the gelatin, as a 
similar drop is obtained with small amounts of NaOH in gelatin. 
It is scarcely greater than experimental error and is certainly not 
comparable to the decrease caused by the addition of CaCl, 
to gelatin plus NaCl as in Fig. 1. 

NaCl is therefore antagonistic to CaCl, and to NaxSO,, but small 
concentrations of VaSO, cannot decrease the effect of Vat / on 
gelatin as CaCl, can. This difference between CaCls and NasSO, 
is found also in the fact (not yet published) that NasSO, tends to 
hinder the precipitation of gelatin by NaCl, while CaCl, assists it. 

In view of what was said at the beginning of this paper on th 
necessity of using a sufficient variety of concentrations in de- 
termining the effect of one salt upon another, it is worth while to 
draw the attention of the reader to the conflicting conclusions 
which might be arrived at as to the relations between NaCl and 
NaeSQO,, for example, if only a single concentration of each salt 
had been used. This is shown by the number of maxima and 
minima which appear in the curves plotted in Figs. 3, 4, 5, and 6. 
This is only a single example of what will be found true through- 
out these experiments. 

If two monovalent salts, such as KCl and NaCl, or NaNO; 
and KCl, are used, the concentration of one being held constant 
while that of the other increases, there is merely an increase in 
the aleohol number which gradually reaches a maximum. Such 
salts are, therefore, not antagonistic to each other. Such an 
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rABLE VI. 


Effect of Mixtures of Salt upon the Prec Pp tation of Gelatin by Alcohol 


NaCl and CaCh NaNQOs and CaCl NaCl and Nas citrate NaCland KSCN 

intagonistic antagonistic antagonistic not antagonist 
Concentratior 3 Concentra 6 Concentration ¢ Concentr ‘ 
of Oo 2+ f - tion of -- 

: ze ia" i2|28 13" 7 <"“|2/|21{25 

1 M 1 M uM 
2 0 0.0 11.0 | 2.0; 0.0 10.7 0.1560.0 S73 2.0; 0.0 11.6 
1.8 0.05 | 10.2} 1.8 | 0.01 10.5 |0.13 \0.0083; 8.4 1.8) 0.15) 11.6 
1.6 0.1 9.9 1.6 0.02 10.3 0.1050.0166 8.9 1.6 0.30 11.8 
1.4 0.15 9 8 1.4 0.08 10.0 0.0780.025 9.0 1.4 0.45 11.8 
®. 0.2? a) 1.2: 0.04 9 7 0.052 0.083 9 6 12: 0.6 1? 0 
1.0 0.25 98 1.0;0.05 9.4 0.0260.042 9.9 1.0 | 0.75) 12.1] 
OS 0.3 99 O8 | 0.06 9.1 0.0 0.05 10.9 08S 0.9 12.2 
0.6 0.35 | 10.0 | 0.6 | 0.07) 8.9 0.6 | 1.05 12.2 
0.4 0.4 10.5 | 0.4) 0.08 8.9 2 per cent gel 041121 1339:3 
0.2 | 0.45 | 10.8} 0.2} 0.09| 9.0 Lat 30°¢ 0.2 | 1.35) 12.4 
0.0 0.5 11.3 0.0. 0.1 os 0.0 1.5 12.3 
> el ent gelatin > per cent gela- per r r¢ - 
B PH in B at 26°C B HO 
( 

For the effects of these salts alone e. the dilution curves) see tables 
in the first paper ot this series The above dat . together with the dilu- 


tion curves, are plotted it} ] ig. S. For other le t ils Set Table | 


experiment is shown in Fig. 7. An exactly similar curve results 
if the NaCl is replaced by an equivalent amount of KCI, or v7ce 
ersa, 

In the second method of experimentation with combinations 
of salts, the concentrations of both salts are allowed to vary 
simultaneously. The results of these experiments are plotted in 
Figs. Sand 9%. In Fig. 8a, is shown the alcohol number of gelatin 
dissolved in various mixtures of 2 Mm NaCl and 0.5 m CaCl. 
The dotted lines show the effect of each salt separately on the 
alcohol number in the concentration in which it occurs in the 
combination. The solid line shows the effect of the combination. 
\t the minimum of the curve, which is obviously only roughly 
defined, the concentrations of Cl to Ca are 100 : 13. This is 
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TABLE VII 


Effect of Mixtures of Salts on the Precipitation of Gelatin by Alco} 


i 


CaCl and MnC! NaCl and MnCl NH, tartrate and N MgSO, and Nat 
idditive intagonistic cetate ntagonistic tug st 
( trat Concentra- Concentr ( nt 
tior - t 
« é . é oe lass : : Z S : 
é s = 7 S = t= TS . = y = 
M 1 
0.5 0.0 11.8 20 :0.0 10.6) 0.1 0.0: 9.25! 0.5 09 9.05 
0.45) 0.05 11.7 1.8 0.05 10.2) 0.09 0.01 9.3 0.45 0.05 8.15 
0.4 0.1 1.61 2.61 6.3 10.0 0.08 0.02 9.2 0.4): 0.1 7.4 
0.35!) 0.15 | 11.8 | 1.4.| 0.15} 9.8 | 0.07) 0.08) 9.0 0.35 0.15 6.4 
0.5 0.2 (Ree ea ay fF. 9.9 0.06 0.04 9.0 0.3) 0.2! 6.2 
0.25) 0.25 | 11.5 | 1.0 | 0.25) 9.8 | 0.05) 0.05 q 0.25) 0.25) 5.8 


2 s 

11.6 +> O8 0.3 10.0 0.04 0.06 8 

35 | 11.5 |} 0.6 | 0.35; 10.1 | 0.03) 0.07) 8.55 | O 
0.1 0.4 11.4 | 0.4) 0.4! 10.3 | 0.02) 0.08 8 

15 | 11.4 |) 0.2! 0.45 10.3 | 0.01) 0.09! 7.6 0.05 0.45 4.45 
0.0 | 0.5 11.1} 0.0/0.5 | 11.0; 0.0| 0.1 | 6.6 0.0; 0.5 | 4.35 


3 per cent gelatin B was used throughout The gelatin stood over 


night at 26°C. before titrating 


+« 


For the effects of these salts alone (7.e. the dilution curves) see tables 


in the first paper of this series, The above data, together with the dilu 


t110n curves, are plotted in | is. Y. For other det iils see Table I. 


of the same order of magnitude as the 100: 8 ratio found for the 
same salts in Fig. 1. At this point, furthermore, the alcohol 
number for the combination is less than that for either of the salts 
alone in the concentrations prevailing there. This is in accord 
with the fact previously demonstrated that each of these salts 
decreases the effect of the other on gelatin. 

A similar case of antagonism between NaNO; and CaCle is 
shown in Fig. 8b for NaNO; and CaCl. The proportions of NOs 
to Ca at the minimum are 100: 10. The minimum is displaced to 
the right because the concentration of the CaCl. used was pro- 
portionally less than in Fig. 8a. This curve disposes of the possi- 
bility that any common ion effect is concerned in these results. 
This being taken for granted, salts with a common ion were always 
used where possible, to avoid the possibility of the form ition of a 
third salt. 
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lig. Sc shows that KSCN and NaCl are not antagonistic Chi 
graph is in this case a straight line which is at no point below the 
curve for either of the salts alone. A similar curve for KCI and 
NaCl gave tikewise a straight line. In such a case as this where 
both salts have an equal effect on the aleohol number and where 
the dilution curves are alike, the additive effect can easily br 
determined by Osterhout’s method***° and would be a straight 
line like the one obtained experimentally. In Figs. 8a and 8b, 
also, there is very little error in drawing a straight line connecting 
the ends of the two dilution curves for the salts alone, and con- 
sidering it the additive effect. 

In Fig. Sd, however, the curves for Nag citrate and NaC] alone 
are so different that it is difficult to determine the additive effect. 
[It is certain that it would not be a straight line connecting the 
ends of the dilution curves for such a line would fall below the 
curve for Na; citrate alone and it is evident that the additive 
effect of two saltson gelatin when present simultaneously but acting 
independently should be more than the effeet of either one of them 
alone. The experimental curve for the combined salts shows, 
however, that the combined effeet is less than the effect of Na 
citrate alone. Therefore NaCl and Nag; citrate are antagonistic. 

The results of four similar experiments are plotted in Fig. 9. 
MnCl and NaCl are shown to be slightly antagonistic in Fig. 9a, 
but MnChk and CaChk are not antagonistic to each other in Fig. 9b. 
Thus these two salts with bivalent cations are not antagonistic to each 
other, but they are antagonistic to salts with monovalent cations. 
Figs. 9c and 9d show two other cases where the additive effect is not 
easily determined. In both eases, however, antagonism Is undoubt- 
edly shown by the fact that the curve for the combined effect of 
the two salts (solid line) falls below the curve for one of the salts 
alone (dotted lines). For a thorough understanding of these two 
cases, however, other concentrations should be tried. The com- 
plete Interpretation of the data here given is difficult. 

Similar experiments have been tried by this method with MgCl, 
and Nas citrate, CaCl and Nag, citrate, MgCl and NasSO,. All 
these curves are strongly convex to the base line, indicating 
antagonism. Part of this, however, is certainly due to the forma- 
tion of a third slightly soluble or slightly dissociated salt. It is 


at least an open question, however, whether there is not som 
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significance for the subject of salt antagonism in the fact that 
salts such as those formed in these experiments (7.e. MgsO 
(‘a citrate, and Meg citrate) have but very little effect upon th 
aleohol number of gelatin. 

The experiment with CaCl and Nag citrate has been published 
in a previous paper,’ and Loeb has pointed out® that the precipi- 
tate obtained with alcohol at the minimum of the curve is partly 
due t 


» the precipitation of Ca citrate. The gelatin is also pre- 
cipitated, however, at the same concentration of alcohol. Fur- 
thermore, it would undoubtedly be possible by using weaker con- 
centrations of the salts to obtain the effect on gelatin without the 
precipitation of the salt. 

MgCl. is found by biologists to behave irregularly in its effects 
upon organisms. Similarly in gelatin it behaves neither like 
NaCl nor like CaChk. It has already been shown that MgC] 
alone has more effect than NaCl alone, and less than CaCl alone 


on the aleohol number of gelatin.' A number of experiments 
have also been tried to determine the effects of MgCl. when pres- 
ent with NaCl or CaCl in gelatin, but no satisfactory results 
have been obtained. When the concentrations of both salts 
were caused to vary simultaneously, as in the experiments just 
described (Figs. 8 and 9), MgCl. seems to be slightly antagonistic 

‘lh and NaCl. When, however, the gelatin is dissolved 
in 0.1 or 0.5m MgCl and either CaCh or NaCl is added in inereas- 


ing concentrations, no decrease in the aleohol number can be 


Lo both (‘af 


observed. This would indicate that MgChk is antagonized by 
neither NaCl nor CaCh. MgCl does not behave like CaCl. 
When added to gelatin plus 2 Mm NaCl, as no decrease in the aleohol 
number is obtained. More experimentation on this point is 


Hneceessiry 


SUMMARY, 


1. Monovalent salts (like NaCl) are found to be antagonistic 
to all salts with bivalent or trivalent anions or cations. 

2. Salts with bivalent or trivalent cations are found to antag- 
onize all salts with bivalent or trivalent anions. 
3. Salts with bivalent anions (like NasSO,) are found to differ 


from salts with bivalent eations (like CaCl.) in that small econ- 
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centrations of the latter decrease, and of the former increase, the 





alcohol number of gelatin plus NaCl. 

t. A pair of salts with bivalent cations (e.g. CaCl. and MnCl.) 
or a pair of salts with monovalent anions and cations (e.g. NaCl 
and KSCN) are not antagonistic in their effects. 
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In a recent number of this Journal Warner and Edmond! 
have presented a considerable series of determinations of the blood 
fat of White Leghorn hens and cocks. Their interesting dis- 
cussion of this subject requires a few words of comment on our 
part. 

In the treatment of their data these authors have not sufficiently 
pointed out the bearing of their results upon earlier work,—indeed 
most of the latter is ignored; the full value of their own work is 
hot clearly brought out; and some conclusions unwarranted by 
their data are drawn. The purpose of the paper is stated to be 
“to show the relationship of blood fat of fowls to (1) egg produc- 
tion, (2) presence of food in the alimentary tract, (3) color of 
legs, ete., and (4) sex.” 

The clear and outstanding fact to be found in the 94 blood fat 
determinations made by Warner and Edmond is that the blood 
of the actively laying hen contains a very disproportionately large 
amount of fat; that of the non-laying hen a very disproportionate ly 
small amount of fat. This facet, however, (and others soon to be 
mentioned) for the blood serum of the fowl was published by 
Lawrence and Riddle? 2 months prior to the time that the samples 
forthe above mentioned 94 blood analyses were drawn for examina- 
tion. This earlier work of Lawrence and Riddle on the blood of 

Warner, D. E., and Edmond, H. D., J. Biol. Chem., 1917, xxxi, 281 

Lawrence, J. V., and Riddle, O., Am. J. Physiol., 1916, xli, 430 
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the fowl is not mentioned by the authors of the paper now being 
considered.* 

[t should be pointed out that the numerous blood fat determina- 
tions made by Warner and Edmond support and confirm the con- 
clusions of Lawrence and Riddle, though the extent of the differ- 
ence between the values for laying and non-laying hens was not 
anticipated by the fewer determinations made by the latte 
authors. Lawrence and Riddle* concluded as follows: 


\ differentiation of the fat and phosphorus metabolism of male- and 
female-producing ova in the pigeon (Riddle) invites 2 comparison of the 
quantities of these substances pre ent in the adult ort the two s¢ 

lhe blood plasma of female fowls is found to be richer in aleohol-solublk 


substance and phosphorus than is the plasma of the mal 


The blood plasma of the sexually functioning female fowl contain 


more aleohol-soluble substanee and more phosphorus than does the plasma 
of fowls with temporarily inactive ovary 

The male, the non-l iving femal and the active ly laving female fowl] 
are three natural groups of fowls when these are considered from. the 


standpoint of the fut nd pho phorus content of the blood plasma The 
relative distribution of phosphorus in the aleohol-soluble and alcohol 
insoluble fractions of the blood plasma is also different for these three 


groups of fowl 


lhe differences here observed and m ured are quantitative not quali- 
tative in ki | 

I} r Its on the fowl, together wi the fe dat tlable on othe 
I i , f i { i Ri Ile Tie i tl | et 
olie di veen eggs of ditiere CX V ey ist in the organisn 
ues ) rol ! ( of the t ) 


i} 

nonth late i that of Lawrens ind Riddle; the or reference in the 
paper under dist ion { hie vod fat of the fow rol preliminary worl 
and involved vy ten hens nd 1 lesc! lin tl later paper 
hat rrodu 1 herewith he ita re oul 

\ I nption tha tl Dod ( le out i Ihe 1 « 
j ) le! hye ye thi , Nn I \ y some 
recen estig ion I 1otner word ! ns more tat : nd cholestero!] 
bodi« than he blood o po roducingdg het Ihe verage amount oO! tat 
and cholesterol bodies found in high producing hens is 1 126 per cent and in 
the Jow j / ) birds the average is 0.886 per cent This work is to be 


published elsewhere giving a full report of the methods used.”’? W irner, 
D.E., J. Am. A [nstructo ind Investigators Poult H lry, 1916 
g 
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Their data for sex were not carefully analyzed by Warner and 
Edmond. They state: “There did not appear to be very much 
difference between the per cent of fat found in the blood of male 
birds and that found in the blood of females not laying.’’ And 
elsewhere® that the average for male birds is “about the same as 
the per cent found in the blood of 3 year old hens.” Their data 
largely justify this statement. But it is of importance to know 
if possible, in which direction the difference lies. With this in 
view we have constructed the following table, in which the data 
are analyzed and compared with the figures for blood serum (upper 
rows) obtained by Lawrence and Riddle. Only the figure obtained 
for 3 year old hens (0.171, lowest row) is at varianee with the 
other results of the two Separate investigations, and it ean be 
said that this figure is not a really contradictory one; for the 
age of the males permits a direct and proper comparison with 
the females which yielded an average of 0.199, but not with the 
much older females which gave an average of 0.171. In the two 
series of investigations (one on serum, the other on total blood 


different methods were used; those employed by Lawrence and 


TABLE I 
; \ l y 
Males ne 
Fat (serum 155* 179 279 
Phosphatides (serum 64 74 131 
Fat blood 0 1451 0 2948 | 175 
7 - gon d 0.176% 0.1994 1.109 
is 7 0.171 - 
*'The method of calculation of the figures in this section of the table 


differs from that in the lower rows; but the proportions of blood fat in 
the three groups of birds is accurately shown (Lawrence and Riddle, A? 
J. Physiol., 1916, xli, 430). 

t From Table X (Warner and Edmond, J. Biol. Chem., 1917, xxxi, 292) 

t From Table VIII (Warner and Edmond, ihid., 291 

§ From: Table [IV (Warner and Edmond, ibid., 287 

€ From Table Il (Warner and Edmond, 7hid., 285); these were much 
older birds, and “had about completed their 3rd year of laying.’’ 

From Table III (Warner and Edmond, thid., 285 


§’ Warner and Edmond, J. Biol. Chem., 1917, xxxi, 293 


Warner and Edmond, zbid., 292. 





: 
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Riddle utilized very much larger quantities of blood and probably 
the error involved in the individual determinations was thus 
reduced. The later and larger series of blood fat determinations 
therefore confirms the results obtained by Lawrence and Riddle. 

Most readers of Warner and Edmond’s paper will certainly 
get the impression that the blood of 1 year old hens has an aver- 
age fat value of 0.407 per cent, while that of 3 year old hens has 
a value of only 0.171 per cent. The actual relation of these 
two groups is as 0.199 to 0.171. The group of 3 year old hens 
which gave an average of 0.171 were all non-layers and only non- 
layers among the 1 vear old hens may properly be compared with 
them. 

It may next be pointed out that the data ‘‘on the presence of 
food in the alimentary tract” do not justify the conclusion drawn, 
nor indeed any conclusion whatsoever. The following state- 
ment is made:’ “It has been reported by Mathews that in man 
and animals the blood is much richer in fat after they have been 
eating than it is after fasting. This is not true with hens, as shown 
from Table VIII. . . . .° The [small] difference IV % 
would indicate that fasting for 16 hours has no effeet upon the 
amount of fat in the blood.’ In reality, 16 hours is not a fast- 
ing period in the fowl. It more nearly represents the length of 
time between meals, at least on many of the very short days of 
winter; and certainly there is some food still in the alimentary 
tract of a fowl for more than 16 hours after feeding. 

There are, however, two reasons why the data cannot answer 
the question of the relative amount of fat in the blood soon after, 
as compared with 16 hours after a meal. These are, first, that 
the female fowl was used, and in these birds the individual variation 
is enormous, the really decisive factor associated with blood fat 
values being the ‘laying’ or ‘‘non-laying’’ condition of the 
hen. Other figures by these authors show that the blood fat of a 
laying hen (1.953) may be more than twenty times greater than 
that of a non-laying hen (0.083). Their figures (Table VI) also 
indicate that this value in laying hens may vary between 0.258 
and 1.953. It is therefore obvious that one may not expect to 


find differe neces di to fast ng for 16 hours in the averages obtained 


7 Warner and Edmond, (hid., 289 














©. Riddle and J. A. Harris 165 


from twelve individuals of one group when compared with twelve 
individuals of the other group. An illustration of the unsuit- 
ability of the data for this purpose is the following: If the twelfth 
(last) bird in each series be omitted from the averages, these latter 
are changed from 0.405 and 0.396 to 0.268 and 0.263 respectively. 
Only in males, in which the fluctuations of the blood fat values 
are much decreased, could one hope for success in a study of this 
question in the fowl. Still another reason for the inadmissibility 
of the data as submitted is that no basis for the selection of the 
particular individuals chosen and compared is given. As the 


data stand, and if one Is permitted to seleet at will the ‘‘non- 


g”’ birds from the whole group of fat determinations, it is 
] 
i 


fastin 
possible to have those birds show more or show less blood fat than 
the “fasting” birds. These data, therefore, supply no evidence 
that the fowl is an exception to the well known rule that the per 
cent of fat in the blood increases soon after the ingestion of food. 
In all of the fat determinations made by Lawrence and Riddle 
this fact was recognized, and the blood samples were all drawn at 
approximately the same time of day; namely, in the early after- 
noo, 

Our next point concerns the correlation between the fat 
of the blood ind eyYy production, \dmitting that birds which ar’ 
laving at the time the blood samples are taken differ from those 
which are not laying, a further problem arises concerning the 
relationship of the percentage of fat found in the blood and 
total egg record of the bird for the vear. 

These authors say:5 “‘The fat content of the blood ts corre- 
lated with egg laving activity, and there is also a slight correla- 
tion between the amount of fat in the blood and high yearly production. 

But im their summary, they conclude:’ “Th: ltle or no 
correlation between the amount of fat in. the hen’s blood and he 1ea ly 
egg yield. On the other hand the blood of a hen laving at the 
time the sample is taken is much richer in fat than that of a hen 
which is not laying.’ 

Now both of these contradictory statements cannot be true. 


There is, indeed, no reason why statements concerning correlation 


> Warner and Edmond, tbid., 288. 
? Warner and Edmond, rhid., 293. 
> The italics are ours in both quotations. 
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should be of a general and vague nature. Correlation is a very 
definite quantitative phenomenon, measurable on a universally 
applicable scale of —1 to +1. The numerical value of the cor- 
relation coefficient, r, may be determined in any instance for two 
measured variables, such for example, as fat content and annual 
egg record, by very simple and well known formulas. 

We now turn to the actual results which may be obtained by 
applying the correlation formulas" to the data published by War- 
ner and Edmond. Using a simple method of direct summation 
of the actual values, their squares and their products," we find the 
following results for the whole series of | year old hens:" 


ry, = + 0.247 + 0.076 


‘Thus, taking the whole series of 1 year old birds examined, the 
hens which have a larger amount of fat in their blood in October 
have, on the average, laid a larger number of eggs during the year. 


1! Warner and Edmond must have been fully acquainted with the ad- 
vantages of applying the correlation formulas to such problems as these, 
for the data contained in the preliminary papers by Blakeslee and Warner, 
cited and discussed by Warner and Edmond, together with far more exten- 
sive data collected since these two preliminary papers were published, have 
been carefully treated in great detail by the statistical methods in a paper 
by Harris, Blakeslee, and Warner (Geneiics, 1917, ii, 36; Proc. Nat. Acad. 
Sc., 1917, iii, 237). These papers, like that by Lawrence and Riddle, they 
have, quite inadvertently, failed to cite, although they contain much that 
throws light upon the problems considered by them. A further investiga- 
tion of the problem of the interrelationship between egg laying activity 
at various periods which also contains materials bearing very directly 
upon the problem of the physiology of egg production is now in press 
(Genetics, 1918, iii, 27). 

2 Harris, J. A., Am. Naturalist, 1910, xliv, 693. 

13 Those unfamiliar with statistical formulas need only remember that 
the correlation coefficient measures the intensity of interrelationships 
between two variables on the scale of —1 to +1. Thus if annual egg pro- 
duction is lower in birds with lower percentages of fat and higher in birds 
with higher percentages of fat correlation between egg production and fat 
content is positive in sign and lies somewhere between no correlation and 
perfect correlation. If high annual egg record is associated with low fat 
content and low annual record with high fat content, correlation is negative 
in sign and is measured by a coefficient lying between 0 and perfect nega- 
tive correlation. 
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But this group is highly heterogeneous. It comprises birds 
which were still laying at the time the blood samples were taken 
and those which had ceased to lay." Dividing the birds into two 
groups on the basis of their laying activity at the time of sampling 
we find the following values for averages, variabilities, and cor- 
relations. 

For 54 birds which had ceased laying, 


f 0.199 é 139.09 
Co; 0.0847 Oe 38.948 
V; 12.36 V 298 00 


—(0).296 +0.084 


For 16 birds which were still laying at the time the samples 


were taken, 


J 1.103 @ = 163.37 
o, = 0.6102 oe = 30.503 
V, = 55.30 V, 18.67 
rs, -0.351 +0.147 
Here f = percentage fat, number of eggs laid during the year, 


the bars over these letters denote the averages, the sigmas their 
absolute variabilities in terms of square root of mean square 
deviation from their mean, V their coefficients of variation, 7.e., 
100c, mean, and r the correlation between them. 

Now while the probable errors of these correlations are large, 
because of the relatively few determinations, the correlations 
suggest at once that while the birds are laying those which have 
the highest percentages of blood fat are those which make the 
highest egg records, but that after the bird has ceased laying in the 
autumn those which have laid the greatest number of eggs during 
the year have the blood most depleted of fat; or, at any rate, have 
blood with least fat. 

Support for this view is furnished by splitting the birds up into 
two groups according to the color of the beak, legs, and vent— 
a character which when taken in October may be taken as a 
criterion of annual egg production.” 

14 One bird had not laid at all during the year. 

18 Blakeslee and Warner, as cited by Warner and Edmonds. See also 
Harris, Blakeslee, and Warner, Genetics, 1917, ii, 36; Proc. Nat. Acad. Sc., 
1917, iii, 237. Blakeslee, Harris, Warner, and Kirkpatrick, Storrs Agric. 
Exp. Station, Bull. 92, 1917. 
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Birds with yellow beaks, legs, and vent, N 23 
rfe= 0.411 = — 0.117" 


Birds with pale beaks, legs, and vent, N 1S 


0.532 += 0.114 





* This is the value obtained by using only the twenty-three 1 year old 
birds included in Table VII of Warner and Edmond. If the nine 3 year old 
birds which they have lumped with these are included the correlation ig 

0.332 + 0.106. The correlation for the nine 3 yearold birds alone 


isr 0.021 + 0.225. 


The results are the same in sign but numerically larger than 
the coefficients based on the actual reeord eoneerning laying ae- 
tivity. They point to the same conclusion; namely, that while 
birds a in the actively laying eondition there is a 


positive cor- 


relation between annual egg record and per cent of fat in the blood, 


y 
but that afte * the ¢ jg-producin } capac al of the bird has been ez- 
hausted, there is a negative correlation between egg record and the 
amount of fat in the blood. 

If this is true, one might expect the correlation to change with 
the lapse of time since laying. This point may be tested by 
splitting the data of Warner and Edmond into groups according 
to the number of days since laying to the time the blood sample 
was taken, and determining the correlation between fat content 


ind egg production in each of these groups separately. We find: 


For birds laying at time blood sample was taken, N 16 
Tfe + 0.351 = 0.148 
For birds which had not laid for from 1 to 2! days, N 16 


0.054 + 0.168 


For birds which had not laid for from 25 to 29 days, N 22 


0.132 + 0.141 


For birds which had not laid for from 60 to 365 davs, N 16 


0.620 = 0.103 


Thus, as suggested above, there is a progressive change in the 
5 





nature of the correlation between fat content and total egg re- 
cords which is positive for birds in a laying condition, sinks to 
zero after the cessation of laying, and finally takes a high negative 
value in birds which have long since ceased to lay. 
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Summarizing these statements on correlation we note: At the 
end of the first laying year, in October, the correlation between 
the per cent of fat in the blood and the annual egg record of the 
vear is positive in the case of birds which are still laying, but 
negative in the ease of birds which have ceased laying; or, in 
other words, birds which have laid larger numbers of eggs and are 


still laying have a higher percentage of fat in their blood than lay- 


ing birds which have made a poor record during the year. Birds 


which have laid a large number of eggs, but have exhausted thei: 
fertility, have a smaller per cent of fat in their blood than non- 


luving birds which have made poor egg records. 


1 
; 


By dividing records into classes, according to the number Ol 


lavs sinee the cessation of lay ing, the correlation between October 
blood fat content and annual egg record changes svstematiecalls 
from a positive to a negative relationship. 

This brief discussion will perhaps indicate how useless it is to 
draw conclusions concerning correlations between blood fat and 


COr- 


annual egg production without actually determining tl 
relation coefficients. The constants given here cure of COUTTS 
subject to the limitations of the series of data upon which the) 

based. Larger sets of determinations, made at various times of 
the veal when analyzed by proper statistical formulas, should 
yield further important information on the relation of fat metab 


olism to the funetioning of the ovary. 


iddendun [In the foregoing treatment of the data publi ned by \\ rner 
nd Edmond! we had two purposes 1) to eall the attention of biologi 
hemists to earlier work on the same subject which those authors entire 
ignored, and (4) to clear up some matters concerning the interpretation 
of the data presented by them We regret, therefore, that their s l 


communication'® not only fails to contribute to these desirable ends but 
introduces other errors, some misleading quotations ind statements i 
much wholly irrelevant discussion 

It therefore seems quite useless, as well as personally undesirable to us 


to continue this discussion by commenting further on their second publica- 


tion For the convenience of the reader who may, if he cares to take the 


time, verify the statements from the original papers, we may add this sum- 
mary. 
} 


1. A note by Warner and Edmond i: a poultry publication appeared a 


month after the work of Lawrence an’) Riddle was published [t dealt 


Warner and Edmond, .J. Biol. Chem., 1918, xxxiv, 
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with methods of selecting high producing and low producing hens, and 
their only reference to the problem of blood fat in the fowl has been 
fully quoted by us.* Warner and Edmond published nothing on blood fat 
in relation to sex nor in relation to laying and non-laying until 11 months 
after the paper by Lawrence and Riddle appeared, which dealt exclusively 
with these problems and not with that of high and low production. Their 
samples for this purpose were not drawn until 2 months after this publica- 
tion. 

2. The data of Warner and Edmond when properly classified and ana- 
lyzed confirm the conclusions of Lawrence and Riddle in so far as the prob- 
lem of sex and of laying and the non-laying condition of the bird is con- 
cerned. 

3. The data of Warner and Edmond are not sufficiently extensive to 
decide finally the question of the possible relationship between percentage 
of blood fat and high and low production. When properly classified bio- 
logically and adequately analyzed statistically they indicate the incor- 
rectness of the conclusion of Warner and Edmond" that, ‘‘There is little or 
no correlation between the amount of fat in the hen’s blood and her yearly 


egg yield.”’ 


17 Warner and Edmond, J. Biol. Chem., 1917, xxxi, 293. 
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In another article in this issue, Riddle and Harris have com- 
mented on a previous paper by us,’ and our work has been criti- 
cized for ignoring what has been termed earlier work on the 
subject by Lawrence and Riddle. Riddle and Harris maintain 
that the work of Lawrence and Riddle was published prior to 
our work and that they pointed out that the blood of actively 
laying hens and hens which were laying was richer in fat and 
phosphorus than that of hens not laying. It is true that Lawrence 
and Riddle’s paper? was published 1 month prior to the ap- 
pearance of our paper in October, 1916.5 It must be pointed out, 
however, in this connection, that Blakeslee and Warner, as early 
as September and October, 1914, realized that there was a relation 
between the egg laying activity and pigmentation in the domestic 
fowl and they published data covering these points.‘ Blakeslee 
and Warner’s work has been further elaborated by Harris, Blakes- 
lee, and Warner.’ The reason given by Blakeslee and Warner 
for the pigment changing from a yellow to a pale color in the 
laying hen was that “the most natural assumption ts that laying 
removes yellow with the egg yolks more rapidly than it can be 
replaced by the normal metabolism, and in consequence, the 
earlobes, beak, and the legs become pale by this subtraction of 


1 Warner, D. E., and Edmond, H. D., J. Biol. Chem., 1917, xxxi, 281. 

2 Lawrence, J. V., and Riddle, O., Am. J. Physiol., 1916, xli, 430. 

3 Warner, D. E., J. Am. Assn. Instructors and Investigators Poultry Hus- 
bandry, 1916, iii, 6. 

4 Blakeslee, A. F., and Warner, D. E., Science, 1915, xli, 432; Am. Natural- 
ist, 1915, xlix, 360. 

5 Harris, J. R., Blakeslee, A. E., and Warner, D. E., Genetics, 1917, ii, 
36. Harris, J. A., Blakeslee, A. F., and Kirkpatrick, W. F., Proc. Nat. 
Acad. Sc., 1917, iii, 565. Blakeslee, Harris, Warner, and Kirkpatrick, 
Storrs Agric. Exp. Station, Bull 92, 1917. 
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pigment.’' Furthermore, the short paper to which Riddle and 
Harris have referred and which was published in October, 1916, 
was, as a matter of fact, read on August 2, 1916 (a month earlier 
than the publication of Lawrence and Riddle’s paper), before the 
American Association of Poultry Instructors and Investigators in 
its regular annual meeting, held that year at the University of 
Ohio. ‘The presentation of a paper at a meeting of this character 
is presumed to have established priority in precisely the same 
Wiv as its publication in the organization’s official journal. This 
statement explains why that paper of Lawrence and Riddle was 
not alluded to as “earlier work.”’ 


Chere is, however, another and more important reason for not 


seriously considering the results of their experiments. A casual 
examination of the following table® from their paper suggests to 


our minds that the work does not fulfil the requirements for 
earetully controlled experimental study. 

TABLE I 
inalysi Blood Plas» m Males, Non-Laying, and Laying Femal 


Males 
r) ss \ ‘ 
\} | White Wvandotte (mongrel) 2 vears old 2,282 
) 9 es “e 2 110 
N \fongre!] 2,480 


Non-laying female 


De 2 White Wvandotte 1 vears old 1.405 
Is Houdan lL! Veal old 1,375 
18 W vandotte-Houdan mongrel)? 3 vears ‘ 2,015 


] ] : 
Females laying egg 


Apr y Giame, 3-4 years old 1.750 
5 Plymouth Rock 3 vears old 1.500 
1] White Wyandotte (mongrel) 1 vear old 1,404 
1] ' I 1 332 
2] Wvyandotte-Houdan (mongrel) 11 months old 1,380 


It will be noted that Lawrence and Riddle used a total of only 
eight females and that these were a mixed lot, consisting of Games, 
Houdans, Rocks, Wyandottes, Wyandotte mongrels, and crosses. 


Lawrence and Riddle, Am. J. Physiol., 1916, xli, 433 (parts of the table 


} 


ire omitted 
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The birds were not only decidedly heterogeneous as to breed, but 
ranged in age from 11 months to 4 years. Furthermore, blood 
samples were drawn from the non-layers in December, one of the 
most unfavorable months of the vear for egg production, whereas 
samples from the layers were drawn in April, or at the natura! 
laving season. If we may be permitted at this point to conjecture, 
we would surmise that if all the samples had been taken in either 
December or in April, the results would have been radically differ- 
ent. Probably all the birds would have been laying in April and 
it is certain that no December eggs could reasonably be expected 
from 3 vear old Plymouth Rocks and 4 vear old Games. Lastly, 
Lawrence and Riddle have not clearly stated the several ages of 
their birds. The table shows that of their five lavers three wer 
| vear old or less, and vet they state:’ “The egg laving history 
for one or more years) of the birds used was known from their 
trap-nest records. The ovary of every female killed was also 
examined to make certain the distinction between the laying and 
non-laying fowls. In every case the findings in the ovary and 
the trap-nest records are in agreement.”’ Their birds must cer- 
tainly have laid at a much earlier age than any we have eve 
handled. 

Riddle and Harris have taken exception to the discussion and 
conclusions drawn from Table VIII, in which we have stated 
“It has heen reported by Mathews that in man and animals, the 


blood is much richer in fat after they have been eating, th: 


I) 
fasting. This is not true with hens, as shown from Table VIII. 
The ismall] difference would indicate that fasting 


for 16 hours has no effect upon the amount of fat in the blood.”’ 
[t may be true that the word ‘‘fasting’” was ill chosen, because 
the term ‘‘fasting’’ might mean almost anything from going with- 
out food for a few hours to going without it for a period producing 
symptoms of starvation. It is doubtful if Mathews meant by 
fasting an absence of food in the alimentary tract. The point 
that we intended to bring out was the fact that with the hens in 
the test given, the eating of food just a short time (not more than 
2 hours) before the sampling of the blood, had no appreciable 
effect on the fat content. Emphasis must be placed on the effect 


of ingested food after a period without food. This view is econ- 


Lawrence and Riddle, Am. J. Physioal., 1916, xli, 431 
§ Warner and Edmond, J. Biol. Chem., 1917, xxxi. 289 
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firmed by the last part of the statement made by Riddle and 
Harris when they state that our ‘‘data, therefore, supply no evi- 
dence that fowls are an exception to the well known rule that the 
per cent of fat in the blood increases soon after the ingestion of 
food.” Here we find that the emphasis is not put upon the period 
of going without food, but upon the period immediately following 
the taking of food, when they say “‘soon”’ after the ingestion of food. 

Riddle and Harris also point out that the great variation be- 
tween laying and non-laying, 0.258 and 1.953 per cent, must 
invalidate our conclusion, but when they give the figures with 
the last bird in each group omitted, the results are practically 
the same in proportion. Before the change was made, the per 
cents for fasted and non-fasted are 0.405 and 0.396, a difference 
of 0.009, and after the change, 0.268 and 0.263 respectively, a 
difference of only 0.005, both differences being in favor of the 
same group and very small in each case. 

Riddle and Harris have stated that it is idle “to draw con- 
clusions concerning correlations between the blood fat and annual 
egg production without actually determining the correlation cocffi- 
cients.’ Asa matter of fact, correlation coefficients were worked 
out by the writers and discussed at several meetings. We still 
maintain that the correlation coefficients do not show that one 
ean pick out the high producing hens from the fat content of the 
blood as a whole. Consequently, we stated that there*is little 
or no correlation between the amount of fat in a hen’s blood and 
her yearly egg production. This conelusion was based on the 
theory that r must be at least 0.30 and not less than six times the 
size of the probable error, otherwise the correlation cannot be 
considered at all marked. We believe that Riddle and Harris 
confirm the above statement when they show, by using our figures, 
that the negative correlation for the non-layers was greater than 
the positive correlation for the whole serics of 1 year old hens. 
Their results tend to show that unless there happened to be some 
hens laying at the time the blood samples were taken (sixteen hens 
were laying in this ease) there is a definite negative correlation. 

In conclusion, the fat content of the blood as a whole does pro- 
vide us with evidence as to whether a hen is laying at any parti- 
cular time, but not as to whether she is a high or low producing 


hen 


The it ilies ire our own 
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The preparation of pure lecithin has acquired in recent years 
an interest other than merely academic. The physiological action 
of lecithin has been studied from more than one point of view by 
several investigators. Yet it is safe to suspect that not one of 
them had the assurance of the purity of the material employed 
by him. Indeed, as it has been stated before, there is no ree- 
ord in the chemical literature on lecithin of a substance which 
answers all the requirements of a pure lecithin. 

There exists a unanimity of opinion among workers on lecithin 
that cadmium chloride is the most serviceable reagent for the 
purification of the substance. This reagent was introduced many 
years ago and was more recently reintroduced for preparation 
of pure lecithin by Bergell.' However, at the time of Bergell’s 
work it was not yet known that a sample of lecithin may possess 
the analytical values r ‘quired by the theory for the pure sub- 
stance and yet contain an appreciable proportion of cephalin. 

The discovery that the base contained in cephalin was amino- 
ethanol, indicated the way by which even small admixtures of 
cephalin could be detected in a sample of lecithin, the basie 
component of which is choline. The introduction by Van Slyke 
of a convenient method for amino nitrogen estimation has made 
the test for the presence of cephalin in a given sample of lecithin 
a comparatively easy task. Taking cognizance of this recently 


acquired information Maclean? made a new attempt to purify 


1 Jergell, P Ber. che m. Ges.., 1900, XXXili, 2584, 
2 Maclean, H., Biochem. J., 1915, ix, 351. 
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lecithin. He too made use of cadmium chloride for the pre- 
cipitation of the phosphatide. By a series of purifications he 
arrived at a sample of the substance which was free from amino 
nitrogen, and which he considered a pure lecithin cadmium 
chloride salt. He also reached the conclusion that erude lecithin 
may be brought to a state of absolute purity by his procedure. 
The work of Maclean marks a great progress in the chemistry of 
lecithin. Unfortunately, on the one hand Maclean did not give 
complete analytical data of his purified material, and on the 
other hand very ingenious and careful workers such as Thudi- 
chum and later Erlandsen have found that samples of lecithin 
cadmium chloride, when reconverted into free lecithin, furnished 
material which ho longer possessed the COMpoOsition required bv 
the theory for the pure substance. The conclusion of these 
workers was that in the process of liberation from the cadmium 
chloride salt, lecithin suffered partial decomposition. Indeed 
such a change might take place without having a marked influence 
on the numerical values of the nitrogen and phosphorus, since 
the proportion of these in lecithin is rather small. 

Hence, the problem of lecithin as it presented itself to us in 
its latest phase was: First, is it possible to purify erude lecithin 
Dy means of cadmium chloride? Second, is it possible to recon- 
vert a lecithin cadmium salt into free lecithin without its partial 
decomposition? 

The experience In this laboratory in handling various tissue 
elements has brought the conviction that the majority of them 
did not possess the great lability ascribed to them by the earlier 
workers. In faet the greatest difficulty in unraveling the strue- 
ture of these substances lny not in then lnbility but in their too 
great resistance to the action of degrading reagents. Hence, 
at the very outset we were inclined to accept the correctness of 
the observations of Thudichum’ and of Erlandsen‘ as to the diff- 
culty of obtaining an analytically true lecithin from a eadmium 
salt possessing correct analytical data. We were not ready to 
accept the interpretations offered by these workers. It seemed to 
us possible that the alteration in the elementary composition 

Thudichum, J. L. W., The Chemical Constitution of the Brain, London, 
1SS4 

' Krlandsen, A., Z. physiol. Chem., 1907, li, 116 
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might have been brought about not by a cleavage but by a chemi- 
cal alteration of the original material. Bearing in mind that 
cephalin is a frequent admixture of lecithin, and bearing in mind 
the readiness with which the latter undergoes alteration, we made 
the following assumption. The original cadmium salt in the 
hands of Thudichum and of Erlandsen contained an admixture 
of cephalin. In the course of the prolonged manipulations re- 
quired for the removal of the cadmium chloride the cephalin under- 
goes alteration, which then affects the elementary composition of 
the material in the direction observed by the previous workers. 
This assumption was fully sustained by experiment. 

Two samples of lecithin cadmium chloride were employed for 
the work. One contained 7.6 per cent of its nitrogen in form of 
amino nitrogen, the other was entirely free from amino nitrogen. 
Both were freed from cadmium chloride in the same manner. 
For convenience of analysis the two samples of free lecithin were 
converted into their dihydro derivatives. The first sample 
showed a carbon content of 63.3 per cent instead of 65.3 required 
by theory, whereas the second sample possessed correct analytical 
values. Thus it was conclusively demonstrated that it was pos- 
sible to obtain pure free lecithin from its pure cadmium chlo- 
ride salt. 

The second part of the problem, dealing with the extent of 
purification which can be accomplished by means of cadmium 
chloride, was solved in the following manner. The alcoholic 
extract of egg volk or of yolk powder served as starting mate- 
rial. One sample of lecithin was prepared from the phosphatides 
precipitated by means of acetone. The other was obtained by 
precipitating with a solution of cadmium chloride from the egg 
oil (mother liquor from the phosphatides, which was liberated 
from acetone). The former samples contained 7.6 per cent, the 
latter about 2 per cent of its nitrogen in the form of amino nitro- 
gen. The first sample was then purified, following exactly the 
directions of Maclean, and led to a sample of cadmium salt which 
possessed 6.7 per cent of its nitrogen in form of amino nitrogen. 
The second was purified by reerystallization from ethyl acetate- 
ethyl aleohol and furnished a cadmium salt free from impurities. 

Thus it seemed that samples of lecithin which could be freed 
from cephalin rapidly, before the latter underwent oxidation, led 
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to analytically pure lecithin through reerystallization of its cad- 
mium chloride salt; samples which contained a high proportion 
of cephalin could not be purified by means of the cadmium process. 


SUMMARY. 


lor the preparation of free analytically pure lecithin the follow- 
ing procedure is recommended: 

Precipitate lecithin from egg oil by means of a solution of ead- 
mium chloride. 

Purify the salt by reerystallization from ethyl acetate until 
free from amino nitrogen. 

Liberate lecithin from the cadmium salt by means of am- 
monium carbonate. 

The details of the procedure are given in the experimental part. 


EXPERIMENTAL. 
Cadmium Chloride Compound. 


Composition of the Salt of Cadmium Chloride and Lecithin.— 
The composition of the cadmium chloride compound of lecithin 


has been reported by various investigators as follows: 


( H N I Cd 
per nt per eT r per t per ent 
Bergell 3.01 12.62 
Thudichum 1.34 3.28 
Erlandsen 15.66 7.07 1.46 3.19 17.54 
Strecker® 50.75 8.38 13.07 
Ulpiani and Selli 50.16 8.29 1.37 3.09 13.93 
Heubner’ 3.50 14.9 
, 46.41 7.50 1.46 2.95 17.46 
Epplers oe ae 7 
47 .42 7.65 1.50 ; Ol 16.29 


Our experience has shown that this salt is of variable composi- 
tion, depending upon the character of the lecithin used for its 


> Strecker, A., Ann. Chem., 1868, exlviii, 77. 

6 Ulpiani, C., and Selli, G., Gaz. chim. ital., 1902, xxxii, 466. 
’ Heubner, W., Arch. exp. Path. u. Pharm., 1908, lix, 420 

’ Kppler, J., Z. physiol. Chem., 1913, Ixxxvii, 243 
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preparation. A few of the many samples andlyzed are reported 
below. 

Primary Alcoholic Extract.—The cadmium chloride compound 
was prepared in the usual manner: An alcoholic solution of leci- 
thin was precipitated with an excess of an alcoholic solution of 
cadmium chloride, saturated at room temperature. The precipi- 
tate, which soon settled out, was washed thoroughly with 95 per 
cent and then with absolute alcohol, either by decantation or on a 
filter, and finally with dry acetone. The dry salt was recrystal- 
lized from a mixture of 2 parts ethyl acetate and 1 part 80 per 
cent ethy! alecohol.*'® The composition of the salt was variable, 


as the following analyses show: 


Sample No C H N P Cd 
per cent per cent per cent per cent per cent 
321 19 24 7.87 1.73 3.49 
323 51.73 8.08 1.68 3.23 
336 50.30 8.09 1.55 3.18 
338 49 26 7.68 1.52 
341 1.52 3.07 
352 1.71 3.16 
533 1.44 2.92 
534 1.67 3.18 
$58 1.75 3.15 2.73 


Primary Ethereal Extract.—The primary ethereal extract was 
separated in the usual way and the lecithin fraction prepared as 
above: 


Sample No Cc H N P 
per cent per cent per cent per cent 
374 49 45 7.88 1.37 2.90 


Secondary Alcoholic Extract.—Samples of the cadmium salt 
prepared in the usual manner from the lecithin fraction of the 
secondary alcoholic extract showed nearly the same composition 
as the above. 


?Willstatter, R., and Liidecke, K., Ber. chem. Ges., 1904, xxxvii, 3753 
19 Maclean, Biochem. J., 1915, ix. 370 
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Sample N ( H N I Cd 
per t pe er per t per ; 
353 50. 37 1.20 1.53 3.08 
369 50.43 1.50 3.15 13.10 
378 48 25 7.74 1.45 2.97 


Vother Liquor of Cadmium Salt.—The alcoholic mother liquor 
from the first precipitation of the cadmium chloride compound, 
upon concentration, gave a thick sirup, soluble in alcohol, from 
which acetone precipitated a gum-like substance. The sirup, 
diluted with aleohol, gave an abundant precipitate with alcoholic 
eadmium chloride. This had a composition similar to the first 


precipitate. 


Sample No N P Cd NHeN 
per cent per cent per cent per cent 
503 1.65 3.17 13.01 11.00 


Cadmium Salt from Egqq Oil. In view of the results of Frankel 
and Bolaffio,!! who claim to have isolated a phosphatide, as the 
eadmium salt, from the acetone-soluble fraction of egg yolk, which 
contained 1.84 per cent N and 0.51 per cent P, or 2 ratio of N: P 

8:1, it was of interest to determine the composition of the 
phosphorus-containing lipoids which remain dissolved in the egg 
fat, extracted by means of acetone. The following fractions of 
the acetone extract were prepared: 

A. The concentrated acetone extract (egg oil), a semisolid mass 
at O° (but which could not be filtered at 0°), was extracted with 
acetone, thus removing a considerable amount of acetone-insoluble 
lipoids. The acetone solution was concentrated and the resulting 
oil extracted with a large volume of 95 per cent aleohol at room 
temperature (I). The residue was again extracted with alcohol 
at room temperature (II). A third extraction removed little 
material which was precipitated by cadmium chloride and was 
therefore discarded. 

B. Another sample of the same oil was first extracted with ether, 
in order that any water-soluble nitrogen-containing compounds 
might thus be removed (they would remain in the aqueous por- 


11 Frinkel, S., and Bolaffio, C., Biochem. Z., 1908, ix, 45. 
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tion). The ether was removed on the steam bath and the result- 
ing oil extracted with alcohol as before (IIT). 

(. A third experiment started with an ethereal solution of egg 
lipoids, prepared by extracting fresh egg yolk with ether and 
concentrating the solution. This extract was precipitated with 
acetone, the acetone-ether solution concentrated, and the result- 
ing oil extracted with alcohol (IV). 

These four fractions were then precipitated with alcoholic 
eadmium chloride solution, and the salt was purified in the usual 
way. Analyses do not indicate a compound with N:P = 8:1, 
but rather a lecithin-like body. 


Sample 


Fraction No ( H N I ( NHN 
/ j ¢ I t nt 
I 146) 1.4] 2.93 
153 1.435 3.05 10.75 9.4 
Il 145 1.41 2 65 
IT] 161 1.41 2.93 10.65 
505 1.41 3.00 1.4 
IV 37 19 45 7.88 Ll de 2.90 
ove 1.37 3.04 3.60 


Optical Activity of the Cadmium Chloride Salt.—After trying 
many solvents, it was found that the cadmium chloride salt 
could be dissolved in boiling xylene, and that this solution, on 
cooling, could be used for determining the optical activity of the 
salt. Ulpiani and Willstétter and Liidecke have shown that the 
activity of the glycerophosphoric acid of lecithin varies with the 
manner of the preparation of the material. Therefore the values 


‘ — ‘ . . 0 p 
obtained for the salt, which varied from [a], = +2.0° to + 


25°, 
are not to be considered absolute values, nor are the variations 
due to impurities. A comparison of the amino nitrogen content 
and the optical activity shows that the content of amino nitrogen 
does not influence the rotation of the salt. The same appears 
to be true of the hydrolecithin. 

Recrystallization of the Cadmium Salt.—Results of various 


investigators, especially Heubner, would indicate that the cad- 
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mium chloride salt was unstable, and that it could not be reerys- 
tallized without marked decomposition. To determine this several 
samples were recrystallized repeatedly, the N and P contents 
being determined for each sample. Our results indicate that the 


salt is stable under these conditions. 


~ 


ample No . @ H N ¥ Cd 





ent 
23 1.68 3.23 
3.36) 1.55 3.18 
42 1 6] 3 16 
series I] 
158 |.¢ 3.15 12.73 
159 1.8] 3.07 13.53 
12 1.70 3.12 
163 1.63 3.22 13.36 
193 1.64 3.138 14.02 
se ries III 
17S A857 8 AS 1 84 2 87 12 65 
19] 1 S84 2.97 12.40 
195 1 83 3.1] 12.38 
502 {8.49 Ss. 44 1.77 § O05 13.42 
Series IV. 
152 418.12 7.70 1.40 2.93 
171 17.88 7.79 1 46 ; 09 
179 18.12 7.70 1.55 
213 417.78 7.68 


The mother liquor of the various fractions on concentration 
gave an ether-soluble substance, which could be precipitated by 


pouring into absolute aleohol. Upon analysis it showed the fol- 


lowing composition: 


Sample No N P 
per cent per cent 
504 1.65 2.95 
516 1.70 » 61 
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Ether Extraction of the Cadmium Salt.—The finely powdered 
cadmium compound was suspended in 6 parts of ether and al- 
lowed to stand over night. The following morning the ether was 
decanted as far as possible and the insoluble salt filtered off and 


recrystallized from ethyl acetate-ethyl alcohol mixture. 


Sample No C H N P Cd 
per cent per cent per cent per cent per cent 
349 50.17 7.81 1.54 2.62 12.40 
351 49.39 7.46 1.52 3.25 


A second experiment was made with the cadmium salt from the 
secondary ‘alcoholic extract, using first ordinary ether (a) and 
then extracting with moist ether (b). 


Sample No Cc H N P Cd NH:N 
per cent per cent per cent per cent per cent per cent 
a) 409 1.49 3.11 
b) 422 49 85 8 0S 1.55 2.90 14.91 1.6 


Decomposition of Cadmium Salt with Ammonium Carbonate. 
The first question we attempted to answer was whether we could 
decompose the cadmium chloride compound with ammonium 
carbonate, according to Bergell, and obtain from the decomposi- 
tion product a cadmium chloride salt with the same composition 
as the original. 

25 gm. of recrystallized cadmium chloride compound (No. 2) were 
suspended in 250 ec. of 80 per cent alcohol, the aleohol was heated 
to boiling, and the mixture treated with finely powdered ammo- 
nium carbonate until the boiling mixture was alkaline to litmus. 
The cooled alcoholic solution was filtered, concentrated in vacuo, 
the residue taken up in alcohol, and precipitated with alcoholic 
cadmium chloride solution. The salt which separated was re- 
crystallized from ethyl acetate-ethyl alcohol (No. 4). 

A second sample (No. 234) was decomposed in the same manner, 
but before precipitating with cadmium chloride the lecithin was 
washed with water and precipitated with acetone (No. 235). 
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Sample No ( H N Pr NH2-N 
, p ; t per cent 
2? 17.35 SUD 1.53 3.25 
t 17.95 8.33 1.62 2.3! 
30 16 85 7.94 
116 17.92 ¢.82 
934 iS 61 7.88 1.67 9 88 
235 S91 7.99 
Dot {8 99 7.93 4.0 
245 17.36 7.59 O.4 


The last experiment was carried out in order to determine 
whether the method recommended by Maclean would vive us an 
amino-free product. 

100 gm. of Sample 234 were suspended in 900 ec. of ether con- 
taining a trace of aleohol, and allowed to stand over night. The 
ether was then decanted as completely as possible and a fresh lot 
of ether added. The following day the material was filtered off 
and recrystallized from ethyl acetate and ethyl alcohol. This 
product was suspended in boiling 80 per cent aleohol and de- 
composed with ammonium carbonate. The filtered alcoholic 
solution was concentrated, the lecithin washed with water, and 
the aleoholie solution precipitated with cadmium chloride. An- 
alysis of the amino content showed that the product contained 
nearly as much cephalin as the original material (7.6 and 6.7 
per cent amino nitrogen). 

The same material was used to determine whether or not re- 
crystallization from ethyl acetate and ethyl aleohol would give 
a product free from cephalin. Again the result was a negative one. 

These results would indicate that there is little decomposition 
in the above process. 

The second question to determine was the elementary composi- 
tion of the lecithin obtained upon the decomposition of the cad- 
mium salt. As we have already mentioned in the introduction, 
the result depends upon the character of the material which is used. 
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The first experiment was carried out with material which con- 
tained a considerable amount of amino nitrogen. This was 
decomposed in the usual manner, the lecithin obtained washed 
with water, and the product reduced with hydrogen. Th 
hydro derivative was then crystallized several times from methyl- 
ethyl ketone. 

Sample No ( H P 
eareees arent ar. 
137 63.29 10.75 3.8) 


The second experiment was performed on material which was 
practically free of amino nitrogen. The procedure was similai 
to that deseribed above. Two different samples of the hydro 
derivatives, after several crystallizations from methylethyl keton 
gave the following figures on analysis. 


Calculated: Found 
ae . ; 65.37 65.22 64.92 
H 11.23 10.70 10.97 
N . Jae 2.02 2.23 
ae . 3.84 3.85 3.89 


These results indicate, as we have mentioned above, that it is 
possible to obtain a pure hydrolecithin from the product of the 
decomposition of a pure lecithin cadmium chloride. 

Preparation of Pure Hydrolecithin.—The process by which we 
obtained our sample of pure hydrolecithin may be outlined as 
follows: The egg oil, obtained upon concentrating the acetone- 
alcohol solution after the greater portion of the lipoids had been 
precipitated out, was redissolved two or three times in dry ace- 
tone, thus removing most of the lipoid material. This egg oil 
was then extracted with a large volume of hot alcohol, the aleoholic 
extract cooled to 0°, the solution decanted from the egg fat, con- 
centrated, and the lipoid mixture (mainly lecithin with a little 
cephalin) precipitated with cadmium chloride. This salt was 
recrystallized four times from the mixture of ethyl acetate and 
80 per cent ethyl aleohol. It was then free of cephalin. The 


with water, precipitated with acetone (Maclean), and reduced as 


salt was then decomposed according to Bergell, the lecithin wash: 
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described in our first paper.” The analysis of the hydro body is 
given above. 


12 Levene, P. A., and West, C. J., J. Biol. Chem., 1918, xxxiii, 111. 
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Mendel and Dakin! were the first to emphasize the fact that the 
generally accepted structural formula for allantoin contained an 
asymmetric carbon atom, and, because of this, should be capable 
of existing in two stereoisomeric forms. However, all attempts 
to resolve allantoin into its optically active components have 
failed. On the basis of this, Dakin’? formulated a structure for 
allantoin which may be regarded as a tautomeric form to the 
one generally accepted. Dakin’ further carried his analysis to 
substituted hydantoins and discovered the peculiar behavior of the 
optically active hydantoins towards alkali, which results in the 
formation of inactive forms. ‘This reaction is remarkable in that 
the racemization proceeds with a much greater velocity than that 
observed for other substances. On the other hand, methylethyl- 
hydantoin could not be racemized. 

Dakin has also made the observation that optically active amino- 
acids give rise to optically active hydantoins. This observation 
seems to be of considerable interest in connection with Dakin’s 
theory of the structure of hydantoins. Since the active forms of 
the amino-acids give rise to active hydantoins, it is logical to 
assume that the dl forms of amino-acids, when first converted into 
hydantoins, should consist of a mixture of the d and the | forms. 
Further, it is logical to assume that substances consisting of such 
mixtures should differ in their physical properties from their 
tautomeric forms. It seemed of interest, therefore, to compare 
the physical properties—such as melting point, crystal form, re- 
fractive index—of the dl hydantoins and the hydantoins inactiv- 

! Mendel, L. B., and Dakin, H. D., J. Biol. Chem., 1909-10, vii, 153 


Dakin, H. D., J. Chem. Soc., 1915, evii, 434. 
$ Dakin, Am. Chem. J., 1910, xliv, 48. 
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ated by alkali. Had such differences been found, Dakin’s theory 
would have received additional support. This consideration 
prompted the undertaking of the present investigation some years 
ago. It was found, however, that both the inactivated and the 
dl forms, in the majority of instances, did not differ in their melt- 
ing points, and, roughly, in their crystal forms. At this time, it is 
impossible to undertake the work on the refractive indices and 
the work has been abandoned. It is published in its present 
form because of the additional data it contains on various hydan- 
toins earlier described and because of the new hydantoins pre- 
pared during the course of this work. 


Melting point 


Given Found 
( ( 
Hydantoin acid ..-« 155, 160 179-180 
dl-Methylhydantoin Te 155-156 
dl-a-Phenylureidopropionic acid 168, 170 174 
dl-a-Phenylmethylhydantoin . 172, 173 178 
d-a-Phenylureidopropionie acid 175 
d-a-Phenylmethylhydantoin 178 
d-a-Naphthylureidopropionie acid...... 198-200 
d-a-Naphthylmethylhydantoin 166 
dl-a-Naphthylmethylhydantoin : ’ 179-180 
Inactivated naphthylmethvlhydantoin 179-180 
a-Ureidobutyric acid 184 
Ureidodimethylacetic acid 160 184 
dl-Hydantoinacetie acid 214, 225 228-229 
d-Hydantoinpropionic acid 179, 180 179-180 
dl-Hydantionpropionic ‘ 167-169, 165 179-180 
Inactivated hydantoinpropionie acid 167-169 177-178 
dl-p-Hydroxybenzylhydantoin 158-160 158-160 
Inactivated benzylhydantoin 158-160 158-160 
l-Hydroxybenzylhydantoin .... 158-160 158-160 


EXPERIMENTAL. 

Hydanto * Acid Ye gm of glycocoll, 8.1 yin. of potassium cyanate, 
and 20 ec. of water were heated on the water bath for1 hour. The solu- 
tion was filtered and concentrated hydrochloric acid added until the 


reaction was acid to Congo red. The acid which separated out on cooling 
was recrystallized from boiling water. Hydantoic acid decomposes at 
179-180° (uncorrected); Diels and Heintzel* give the decomposition point 
at 155°, Weidel and Roithner,® as 153-154°, Griefs® as 160°. 





‘ Diels. () ? 
5 Weidel, H., and Roithner, E., Monatsh. Chem., 1896, xvii, 188. 


8 ( rriefs, P.. Be r. chem. Ges , 1869, 11, 107 


and Heintzel, H., Ber. chem. Ges., 1905, xxxviii, 305. 
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Calculated for C;H,O,N2.... N 23.73 
Found.... N 23.62 23 . 54 


Hydantoin.—Hydantoin was prepared according to the two methods of 
Harries and Weiss’ and their later statement,® that the two products were 
identical, was confirmed. The melting point was found to be 218-220°, 


given by Tafel and Reindl.?® 


is 
Calculated for C,H,O.N N 28.00 
Found N 27.80 27 .82 
dl-a-M ethylhydantoin.—6 gm. of dl-a-ureidopropionic acid and 50 ec. of 
10 per cent hydrochloric acid were boiled for 2 hours and the resulting solu- 
tion was concentrated to a small volume. The dl-a-methylhydantoin 
which crystallized out melted at 155-156° after one recrystallization 


Dakin found the melting point to be 150°. 


Calculated for C,H,O.N, N 24.60 
Found Linacng- cee. ae 
dl-a-Phenylureidopropionic Acid.—This acid was prepared by shaking 
5 gm. of dl-alanine in 50 ec. of water containing 1.5 gm. of sodium hydroxide 
with 6.5 gm. of phenylisocyanate for 2 hours. The diphenylurea was 
filtered off and the solution acidified with dilute hydrochloric acid. The 
insoluble phenylureidopropioni acid separates out at once and n ay be 


recrystallized from a large volume of boiling water. dl-a-Phenylureido- 
propionic acid forms small irridescent plates which melt at 174° with de- 
composition. Kihn!® gives the melting point as 170°, Paal'! as 168 
Calculated for C,,>H»O.N N 13.46 
Found N 13.47 
dl-a-Phen ilmethulhydantoin When the above ureido acid is heated with 


20 per cent hvdrochlorie acid for 1 hour, it yields dl-a-pheny Imethvihydan- 
toin. Upon cooling the solution, the hydantoin crystallizes in long, silky 
needles which melt at 178°. Recrystallization from water did not change 


the melting point. Mouneyrat™ gives the melting point at 172-173 


Calculated for CyHOQ2Ne N 14.74 
Found eer N 14.94 


d-a-Phenylureidopropionic Acid.—This acid was prepared in 
the same way as the inactive compound. Recrystallized from 
boiling water, it forms small silky needles which melt at 175 
with decomposition. 


7 Harries, C., and Weiss, M., Ber. chem. Ges., 1900, xxxiii, 3418. 
’ Harries and Weiss, Ann. Chem., 1903, eeexxvii, 355. 

® Tafel, J., and Reindl, L., Ber. chem. Ges., 1901, xxxiv, 3288. 
10 Kiihn, B., Ber. chem. Ges., 1884, xvii, 2884. 

11 Paal, C., Ber. chem. Ges., 1894, xxvii, 976. 

'2 Mouneyrat, A., Ber. chem. Ges., 1900, xxxiii, 2395. 
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0.1000 gm. substance neutralized 9.67 ec. 0.1 x HCl. 
Calculated for C,>H»OsN, N 13.46 
Found N 


fotation: 
0.2741 gm. substance in 5.9286 gm. acetone gave a value for la! of +0.18° 


20 5.9286 *& 0.18° 
a = 
lp 0.2741 « 0.5 


d-a-Phenylmethylhydantoin.—Prepared by boiling the ureido 
acid with 20 per cent hydrochloric acid, the hydantoin crystal- 
lized from the hot acid solution in short pointed silky needles, 
which melt sharply at 178°. The melting point was not changed 
on recrystallization. 

0.1000 gm. substance neutralized 10.37 ec. 0.1 nv HCl 

Calculated for C,yH,O.N N 14.74 

Found N 14.51 


{otation: 


0.2700 gm. substance in 5.0410 gm. 0.5 N sodium hydroxide gave a value 
for fai of +0.06°. 
0.2031 gm. substance in 5.0988 gm. acetone gave a value for [a] of —0.20 
' 7) 5.0410 * 0.06 
|a|, = — - + 2.24° (sodium hydroxide 
. 0.2700 &* 0.5 
fr.” 5.0988 «& 0.20° 


a) 7 — 10).04° (acetone 
[Ip 0.2031 « 0.5 


dl-a-Naphthylmethylthydantoin.—Inactive a-naphthylureidopro- 
pionie acid’ was boiled with a large excess of 20 per cent hydro- 
chlorie acid for 1 hour. A small part of the reaction product was 
in solution at the end and separated in long silky needles upon 
cooling. Most of the hydantoin, however, was in the form of an 
oil at the bottom of the flask and quickly solidified. _Naphthyl- 
methylhydantoin is very insoluble in boiling water but may be 
easily recrystallized from dilute alcohol. It melts at 179-180". 
0.1000 gm. substance neutralized 8.51 cc. 0.1 N HCl. 
Cabemieted TOF Ch Oi Ne oicccicccccccccccscececewsss N 12.07 
Found we pe Ueenalotenn awereiae ea Tae 


13 Neuberg, C., and Rosenberg, E., Biochem. Z., 1907, v, 456. 
lt ( rulewitsch, \W a Z. ph ysiol. Che Wes 1911, IXxiil, 134. 
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d-a-Naphthyluretdopropionic Actd.—5 gm. of alanine, 10 gm. of 
naphthylisocyanate, and 20 cc. of 10 per cent sodium hydroxide 
were shaken for several hours, the reaction product was filtered, 
and the filtrate acidified with dilute hydrochloric acid. The acid 
separates at once and may be recrystallized from a large volume of 
boiling water or from dilute alcohol. It forms short needles, which 
melt at 198-200° with decomposition. 


0.1000 gm. substance neutralized 7.8 cc. 0.1 xn HCl 
Calculated for CyHy4 YaNo N 11.20 
Found N 10.95 


Rotation: 


0.1900 gm. substance in 7.229 gm. 0.5 N sodium hydroxide gave a value 
for {a} of +0.05°. 
[a]> = 7.229 ah 05" +- 3.80° 
>» ~ "0.1900 & 0.5 
d-a-N aphthylmethylhydantoin.— Prepared in the same way as the 
inactive compound and recrystallized from boiling water or 
dilute alcohol, the hydantoin melts at 166°. Repeated crystal- 
lization did not raise the melting point. The inactive ureido acid 
crystallizes very well from 95 per cent alcohol. 
0.1000 gm. substance neutralized 8.51 ec. 0.1 n HC] 
Calculated for C\yyH»,OoNs N 12.07 
Found N 11.91 


Rotation: 


0.2504 gm. substance in 5.2367 gm. acetone gave a value for Ja] o 0.42 
~0 5.2367 & — 0.42° a 
[a] — =~ = 4.0) 
D 0.2504 « 0.5 


Two attempts were made to inactivate this hydantoin with 
normal sodium hydroxide. The first consisted in allowing the 
hydantoin to stand with an excess of sodium hydroxide for 2 
days. At that time the rotation was zero. Because part of the 
compound was in the form of the sodium salt, it was warmed on 
the water bath before acidifying. The product which separated 
proved to be the inactive naphthylureidopropionic acid, decom- 
posing at 199-200°, and yielded, when heated with 20 per cent 
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hydrochloric acid, the inactive hydantoin, melting at 179—180°. 
In the second experiment the heating on the water bath was 
omitted but the result was the same, the di-ureido acid. Lack of 
material prevented the testing of a weaker alkali or of a shorter 
time of inactivation. 

a-Ureidobutyric Acid.—10 gm. of a-aminobutyric acid, 8 gm. of 
potassium cyanate, dnd 25 ec. of water were heated 1.5 hours on a 
boiling water bath. The product which separated out on acidi- 
fication melted, with decomposition, at 184°, both before and 
after crystallization from boiling water. 


0.1000 gm. substance neutralized 13.0 ec. 0.1 N HCl. 
Calculated for Cs5H,O,Ne N 19.30 
Found N 19.32 


Heated 1 hour with 10 per cent hydrochloric acid, the above 
acid gave a-ethylhydantoin, melting at 121-122°. Koenigs and 
Mylo” found 118—120°. 

Ureidodimethylacetic Acid.—10.3 gm. of a-aminoisobutyric acid, 
8.1 gm. of potassium cyanate, and 25 cc. of water were heated on 
the water bath 1.5 hours and then acidified with concentrated 
hydrochloric acid. Twice recrystallized from boiling water, in 
which it is fairly insoluble, the acid melts at 184° with decomposi- 
tion. Urech" gives the decomposition point as 160° and states 
that it is rather easily soluble in water. 


Calculated for CsH,pOsN, N 19.30 
Found ae canes ae N 19.08 


Upon heating 1.5 hours with 10 per cent hydrochloric acid, the 
acid forms a-dimethylhydantoin, which melts at 175-176" as 
given by Urech and by Heilpern."’ 


Si 


Calculated for C;HsO.Ne N 21 
N 21.7: 


Found } 
p-Hydroxybenzylhydantoin.—The hydantoin from dl-tyrosine 
(Kahlbaum) and from active tyrosine were prepared according to 


15 Koenigs, E., and Mylo, B., Ber. chem. Ges., 1908, xli, 4435. 
16 Urech, F., Ann. Chem., 1872, elxiv, 274. 
7 Heilpern, J., Monatsh. Chem., 1896, XVii, 237. 
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the directions of Dakin'* and the properties as given by him 
confirmed. 

The active compound was then inactivated by allowing a solu- 
tion in N sodium hydroxide to stand about 24 hours. Upon 
acidification and recrystallization of the inactivated hydantoin 
from boiling water, it forms prisms of the same appearance as the 
dl-hydantoin, and not plates, as observed by Dakin. The melt- 
ing points of the three forms, the dl, the d, and the inactivated, 
were the same, 158—160°, as given by Dakin. 

dl-Hydantoinacetic Acid——5 gm. of aspartic acid, 6 gm. of 
potassium cyanate, and 25 cc. of water were heated about 5 hours 
on a water bath. The resulting sirup was taken up in 10 per cent 
hydrochloric acid, boiled for 15 minutes, and the solution concen- 
trated to dryness. Twice recrystallized from a little water it 
melts at 228-229° with decomposition. Dakin" gives the melting 
point of the inactive compound, obtained by the action of alkali 
upon the active acid, as 225-228°. Johnson and Guest,” who 
prepared it by the action of chloroacetic acid upon 2-thiohy- 
dantoin-4-acetic acid, give the melting point as 214-215°. 


Be ES Ee ee ee N_ 17.70 
ee Tdi ehh citroen Sire ao N 17.51 


dl-H ydantoinpropionic Acid.—10 gm. of dl-glutamic acid, 7 gm- 
of potassium cyanate, and 25 cc. of water were heated on a water 
bath for several hours until a thick sirup resulted. This was then 
taken up in an excess 10 per cent hydrochloric acid and boiled 
20 minutes. The reaction product was evaporated to dryness in 
vacuum and the residue recrystallized twice from water. The 
acid melted at 179-180°. A second preparation showed the same 
melting point. Dakin® gives the melting point of the inactive 
product obtained by racemization of the active acid as 167—169°. 
Johnson and Guest® prepared the acid by desulfurizing the thio- 
hydantoin and found the melting point to be 165°. 


18 Dakin, Am. Chem. J., 1910, xliv, 55. 

19 Dakin, Am. Chem. J., 1910, xliv, 58. 

20 Johnson, T. B., and Guest, H. H., Am. Chem. J., 1912, xlviii, 109. 
21 Dakin, Am. Chem. J., 1910, xliv, 59. 

2 Johnson and Guest, Am. Chem. J., 1912, xlvii, 249. 
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Caleulated for C,H,O NN, ..N 16.18 
Found ...N 16.20 


The active acid melted at 179-180° as given by Dakin. 


0.2160 gm. substance in 5.2593 gm. 0.5 N sodium hydroxide gave a value 


for la] of 1.65° in a 0.5 dm. tube 
x 5.2593 > 1.65 : 
[a] - = SO.350 
, 0.2160 * 0.5 


During the course of 6 hours this value fell from 1.65° to 
1.32°. The rate of inactivation is much more rapid in N sodium 
hydroxide (Dakin). The melting point of this substance was 
found by Dakin to be 167—169°. Crystallized from water, the 


melting point was found to be 177-178". 
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Certain observations in this laboratory convinced the present 
writers some time ago that a quantitative study of the substances 
simulating reducing carbohydrate in the urine of normal animals 
would be of value, and the endeavor was made to construct a 
satisfactory quantitative method for this purpose. The procedure 
described below is the outcome of nearly 3 years of work on th 
subject and has been tested under widely varying conditions. 

We have not attempted to differentiate glucose qualitative ly, 
but have provided for determination of ‘“‘total sugar,’’ and the 
sugar fermentable by yeast, by difference. The non-fermentable 
portion, as determined in our method, is probably a true sugar, 
or is at least chiefly derived from carbohydrate in metabolism. 
These questions will be referred to again in subsequent papers. 

The procedure we have adopted is an adaptation of the colori- 
metric procedure of Lewis and Benedict for determination of 
sugar in the blood. Myers! has already reported an adaptation 
of the Lewis-Benedict method to urine, which provided for pre- 
liminary precipitation of most of the creatinine as picrate accord- 
ing to the suggestion of Folin. Our work with the Myers’ 
modification has convinced us that results by this method are too 
high (due partly to imperfect removal of creatinine). 

Indeed not infrequently the Myers method gives results at 
least 100 per cent too great. This is not surprising when we re 
member that nitrogenous compounds other than creatinine may 
react with picric acid in alkaline solution (allantoin, for instance 


1 Myers, V. C., Proc. Soc. Exp. Biol. and Med., 1915-16, xiii, 178 
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so reacts) and that creatinine yields about five times as much 
color with picric acid as does an equal weight of glucose. Poly- 
phenols are another possible souree of interference.* 

The method which we wish to present may be considered under 
two divisions: (1) the preliminary precipitation of interfering 
substances from the urine, and (2) the determination of the sugar 
in the filtrate. We shall discuss these processes separately be- 
fore describing the technique in detail. 

In the preliminary precipitation we have deemed it desirable 
to remove creatinine completely, total nitrogen as completely as 
possible, glycuronic acid to such an extent at least that it should 
not interfere appreciably in normal urines, and finally to remove 
the polyphenols practically completely, since these compounds 
also react with alkaline picric acid, although not to such an extent 
as does creatinine or sugar. 

We have found that urines can be almost entirely freed from 
the substances enumerated above by a single precipitation with 
excess of mercuric nitrate in presence of a slight excess of sodium 
bicarbonate. After subsequent removal of the mercury with 
zine dust the filtrates are water-clear, and contain almost no 
measurable nitrogen, or at least not more than 0.1 mg. per ce.® 
No creatinine can be detected in the filtrates. Folin’s urie aeid 
reagent gives only a trace of color (showing practical absence of 
polyphenols), and treatment of the final filtrate with basic lead 


?It is quite surprising to note the widely diverse results obtainable 
for sugar in urine after precipitations aimed only to eliminate creatinine. 
Thus Cole (Practical Physiological Chemistry, St. Louis, 4th edition, 1914, 
249) used such a procedure for qualitatively detecting abnormal quanti- 
ties of glucose in urine. Later Folin (J. Biol. Chem., 1915, xxii, 327) used 
a quite similar procedure and practically the same copper solution, for 
qualitatively detecting glucose in normal urine. Myers and Bailey then 
used the procedure for quantitative determination of small quantities 
of glucose in urine, and still later Hiller (cbid., 1917, xxx, 125) has used 
Folin’s precipitation method (repeated word for word) to determine only 
pathological quantities of sugar in sugar in urine—normal urine showing 
no sugar by this method. 

> In most cases 20 cc. of final filtrate yield no more nitrogen by Kjeldahl 
than does a blank determination with the same reagents. Schéndorfi 
(Arch. ges. Physiol., 1908, cxxi, 572) employed mercury in faintly acid solu- 
tion for precipitation of urines prior to titration with Fehking’s solution, 
and reported nitrogen-free filtrates. 
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acetate causes no change in the sugar content, thus Showing ab- 
sence of any appreciable amount of glycuronic acid. Interference 
from creatine in the original urine is negligible unless the creatine 
exceeds 0.3 per cent. Such a concentration of creatine is not 
often encountered in urines. 

For the final determination of the sugar we have materially 
modified the original Lewis-Benedict procedure. 

A study of the reaction between picric acid and sugar in alkaline 
solution was undertaken with a view to increase the flexibility of 
the method and to eliminate the objectionable feature of boiling 
to dryness in a test-tube. 

The results of this study may be briefly summarized as follows. 
Sodium hydroxide causes secondary reactions which do not go to 
completion and hence cannot be employed in any concentration 
during the reaction between picric acid and sugar. 

With a constant and only moderate excess of picric acid, the 
depth of color given by a constant amount of sugar will increase 
With increase of carbonate concentration almost indefinitely. 
This is apparently due to products of the primary reaction, re- 
acting with the picric acid in increasing amount with increase of 
carbonate. In concentrated carbonate solution the color is not 
directly proportional to the quantity of sugar, hence the con- 
centration of carbonate must be kept moderate and within fixed 
limits. 

The reaction in presence of moderate concentration of carbon- 
ate goes to completion in a moderate excess of picric acid, providing 
the sugar concentration is not too low. IEf.it is desired to have 
the reaction proceed in a quantitative fashion where the glucose 
concentration may be as low as 0.5 mg. in 9 ce., this can be ac- 
complished by suitable increase in the concentration of picric 
acid. 

The concentration of picric acid must however, for such condi- 
tions, exceed that of a saturated aqueous solution of picric acid. 
This may be attained either by addition of dry picric acid, or the 
addition of a solution of picric acid containing considerably more 
than does the ordinary saturated solution. The first of these 
procedures is objectionable because the picric acid would have to 
be weighed out each time, in order to be assured of enough to 
cause the reaction with sugar to go to completion, and to be sure 
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that enough was not added to cause precipitation of sodium 
picrate before the final reading could be made conveniently. 

We therefore endeavored to prepare a solution containing about 
three times the picrie acid present in an ordinary saturated solu- 
tion. This has been accomplished by the help of a little sodium 
hydroxide. Only enough hydroxide is added to convert a portion 
of the picric acid into sodium picrate. With the help of this 
solution we may start with a dilute solution of glucose in water, 
and, by adding some of the strong picrate solution and carbonate, 
obtain a final solution containing a large excess of picric acid, and 
one in which the reaction proceeds to quantitative completion 
when heated in a boiling water bath for 10 minutes. 

The special reagents used in the final method for the determina- 
tion of sugar 1n urine are: 

1. Mercurie nitrate solution. It is prepared as follows: To 
160 ee. of concentrated nitric acid in a beaker add in small por- 
tion, 220 gm. of mercuric oxide. When all is dissolved heat 
the mixture to boiling, cool, and add 60 ce. of 5 per cent sodium 
hydroxide solution. Make up to 1 liter and filter. Keep in a 
brown bottle.‘ 

2. Picrate-picric acid solution. To 500 ee. of 1 per cent sodium 
hydroxide solution in a liter flask or stoppered cylinder add 36 
gm. of picric acid, and about 400 ec. of hot water. Shake oc- 
casionally until the pleric acid is dissolved, cool, and dilute to 1 
liter. 

The final solution is fully saturated with picrie acid. <A slight 
crystallization of pierie acid on standing is of no account, but if 
abundant crystallization occurs (due to the solution becoming too 
cold for some hours) it is desirable to redissolve the picric acid 
by warming before using. 

The procedure for the sugar determination is as follows: 
Measure 15 or preferably 20 ec.® of urine into a 500 ec. beaker and 

‘ The formula for this solution has been in the laboratory for a number 
of years. We have been unable to trace its origin. 

>The picrie acid employed should be dry and free from lumps. On 
account of its explosive properties, the drying of the picric acid should be 
carried out at a moderate temperature (60°) and the dry and cool produet 
freed from lumps by very gentle rubbing in a mortar. 

If less than 15 ce. of urine are available 10 ce. may be used, but in this 


case the subsequent filtrations should be made on small filters and with the 
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add an equal volume of the mercuric nitrate solution and mix, 
Then add solid sodium bicarbonate in moderate quantities, with 
gentle shaking, until frothing ceases and the mixture reacts al- 
kaline to litmus paper.’ Filter at once through a dry filter into 
a small dry flask or beaker. To the perfectly clear filtrate add a 
pinch of zine dust and 1 or 2 drops of concentrated hydrochloric 
acid. Shake and let stand for about 5 minutes. Filter through 
a small dry filter into a dry test-tube or small beaker.* 

From 1 to 4 ee. of this final filtrate (the volume to be used 
depends on the sugar content of the original urine, from 0.5 to 
2 mg. of sugar is the quantity desired) are measured into a large 
test-tube, which should be graduated to indicate 12.5 and 25 ec. 
Where less than 4 ec. of filtrate have been used enough water is 
added to make exactly 4 ec. and 1 ee. of 20 per cent (anhydrous 
sodium carbonate solution is added.'® 4 cc. of the picrate-picrice 
acid solution is now added, the tube plugged with cotton, and 
placed in boiling water for 10 minutes. The tube is then removed, 
cooled to room temperature with the help of running water, and 
the contents are diluted with water to the 25 ec. mark, or to 12.5 
ec. if the quantity of sugar present was much below 1 mg. The 


aid of suction, in order to obtain a maximum of filtrate. If fairly con- 
centrated, the original urine may, of course, be diluted before beginning 
the analysis. 

’ Vigorous frothing occurs when the bicarbonate is first added—hence 
the use of the large beaker for this mixing. The bicarbonate may be added 
freely until the frothing ceases, when the mixture should be stirred or 
shaken only until alkaline to litmus. It should then be poured upon a filter 
at once. 

’ This filtrate should be wholly free from mercury. Until thoroughly 
familiar with the method it is best to test a few drops with ammonium sul- 
fide solution. If a dark or black coloration is obtained it is necessary 
to mix the filtrate again with the powdered zine, and let stand for a few 
minutes. 

’ Very satisfactory tubes for this purpose have been prepared for us by 
E. Machlett and Son of New York. 

10 Where a number of determinations are to be made it is convenient to 
keep on hand four solutions of sodium carbonate of different strengths, as 
follows: No. 1, 5 per cent; No. 2, 6.7 per cent; No. 3, 10 per cent; and No. 4, 
20 per cent. Where 1 cc. of final filtrate is used add 4 ce. of Solution 1, 
where 2 cc. of filtrate are used add 3 ec. of No. 2, for3 ce. of filtrate add 2 ce. 
of No. 3, ete., in each ease giving the final solution a volume of 5ecc., anda 


sodium carbonate (dry) content of 0.2 gm. 
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colored solution is then matched (within half an hour") in a colo- 
rimeter against a standard prepared by treating 1 mg. of glucose 
in 4 ce. of water, just as the final filtrate was treated; or against 
a permanent standard of picramic acid solution or potassium 
dichromate. 

We have found that the best permanent standard is to be pre- 
pared from pure picramic acid, together with some of the picrate- 
picric acid solution used in the determination. This standard 
solution has the following composition: To 105 ec. of exactly 0.01 
per cent picramic acid solution in 0.02 per cent sodium carbonate 
solution, add 0.5 ec. of 20 per cent sodium carbonate solution, and 
15 ec. of the picrate-picric acid solution. Then dilute to 300 ce. 
with distilled water. Starting with pure picramie acid, the depth 
and quality of the color of this solution duplicate very exactly 
that obtained from 1 mg. of glucose dissolved in 4 ce. of water, 
treated as described for the final urine filtrates, and the colored 
solution diluted to 25 ec. The standard in the colorimeter should 
be set at a height of 15 mm. 

The picramice acid originally prepared by the J. T. Baker Chemi- 
eal Company was very satisfactory, but within the past 2 years 
we have seen samples of Baker’s picramie acid which have yielded 
only about 30 per cent of the color given by an equal weight of 
pure picramie acid. 

Where satisfactory picramic acid is not available, potassium 
bichromate may be employed as a standard. In our Duboseq 
colorimeters the dichromate solution matches the picramic acid 
solution standard almost exactly. In another instrument (Kriiss) 
there is an appreciable difference in shade of color of the two 
solutions, but even in this instrument the dichromate standard 
can be employed with satisfactory results. To prepare the di- 
chromate standard dissolve 0.536 gm. of pure potassium dichro- 
mate in water and dilute to 1 liter. 

To determine the glucose or fermentable sugar in the sample of 
urine it is necessary to make a second determination on the sample 
(f urine after fermentation. For fermentation we have adopted 
the following as a routine procedure. To 25 cc. of urine (free 

'! Where 4 cc. of final filtrate are used, the finalf dilution is made to only 


12.5 cc.; it is necessary to make the reading promptly to avoid interference 
from crystallization of sodium picrate. 
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from preservative) in a cylinder or test-tube add 20 to 25 mg. of 
glucose” and about one-quarter cake of yeast. Mix well and 
allow to stand in the incubator at 35-38° for 18 to 20 hours. 
Decant 15 to 20 ec. of the urine and determine sugar as before 
fermentation. The difference between the two determinations 
gives the fermentable sugar. 

The results obtained by this method for sugar determination 
in normal urine will be discussed in subsequent papers. For the 
present we may state that glucose added to urine is quantitatively 
recovered within a few thousandths of 1 per cent, and that we 
have considerable evidence to indicate that the method gives 
figures which represent very nearly the true sugar (reducing car- 
bohydrate) content of normal urine. The procedure can be ap- 
plied to diabetic urines, but most of such samples have to be 
diluted from 10 to 100 times before analyzing. 

It is expected to apply the method to the determination of 
sugar in tissues in the near future. We are also studying the 
occurrence of polysaccharides in the urine by the help of the new 
method. 


The glucose is added as a ‘‘check’’ on the activity of the yeast 
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The colorimetric method for the determination of sugar in the 
blood which was proposed a few years ago by Lewis and Benedict 
has found favor at the hands of a number of investigators. In its 
original form the method had at least one serious drawback—the 
boiling to dryness in a test-tube which was necessary to complete 
the reaction between the sugar and picrie acid. 

Modifications of the method have been proposed by certain in- 
vestigators to obviate this difficulty, the most useful of which have 
probably been the one proposed by Pearce! and especially that 
suggested by Myers and Bailey.2 This latter modification pro- 
vides for less dilution of the blood, so that the final reaction may 
take place in a more concentrated mixture of glucose and picric 
acid. If one is careful to secure full saturation of the diluted 
blood with picric acid the method gives quite satisfactory results 
for bloods high in sugar content. With normal or hypoglycemic 
bloods, the results are not so good, and duplicates on such bloods 
will frequently vary quite considerably. Nevertheless, the method 
has unquestionably been of distinct service in the hands of many 
investigators. 

The method to be described below retains the same dilution of 
the blood as that employed by Lewis and Benedict,’ eliminates 

1 Pearce, R. G., J. Biol. Chem., 1915, xxii, 525. 

* Myers, V. C., and Bailey, C. V., J. Biol. Chem., 1916, xxiv, 147. 

3 The writer believes that both theoretically and practically a dilution 
of 1 to 12.5 is preferable to the dilution of 1 to 5 as adopted by Myers and 


Bailey. 
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the necessity of saturating with dry picric acid, and has a very 
simple technique for the final reaction. 

The procedure is as follows: 2 ec. of blood are drawn into an 
Ostwald pipette, containing a little powdered potassium oxalate, 
and discharged into a 25 ce. graduated flask, or into a large test- 
tube graduated at 12.5 and at 25 ce. The pipette is twice rinsed 
out with distilled water, these washings being added to the blood. 
After a minute or two the blood is practically completely laked. 
A solution of sodium picrate and picric acid,’ is added to the 25 ee. 
mark (using a few drops of aleohol to dispel foam if necessary) 
and the mixture thoroughly shaken. After a minute or two (or 
longer) the mixture is poured upon a dry filter, and the clear fil- 
trate collected in a dry beaker. Exactly 8 cc. of the filtrate are 
measured into a large test-tube bearing graduations at the 12.5 
ec. and 25 ce. mark, and | ec. of 20 per cent (anhydrous) sodium 
carbonate solution is added. The tube is plugged with cotton and 
immersed in boiling water for 10 minutes.® It is then removed, 
and the contents are cooled under running water and diluted to 
12.5 ec. or to 25 ee. depending on the depth of color. At any time 
within half an hour the colored solution is compared in a colo- 
rimeter with a suitable standard solution,® the standard being 
set at a height of 15 mm. 

The standard solution may be simultaneously prepared from 
pure glucose by treating 0.64 mg. of glucose in 4 ce. of water 
with 4 cc. of the picrate-picrie acid solution and 1 ce. of the 
carbonate, and heating for 10 minutes in boiling water and then 
diluting to 12.5 ee. 

A permanent standard solution may be prepared from picramic 
acid or from potassium dichromate. The latter standard does 
not match the unknown with absolute exactness, but can be 


‘This solution is the same as that described in the preceding paper 
To prepare it, place 36 gm. of dry powdered picric acid in a liter flask or 
stoppered cylinder, add 500 cc. of 1 per cent sodium hydroxide solution, and 
400 cc. of hot water. Shake occasionally until dissolved. Cool and 
dilute to 1 liter. 

5 Longer heating up to half an hour makes no change in the color. 

§ Occasionally the final filtrates in this or other picric acid methods 
develop a little turbidity during heating. Unless such turbidity is fairly 
marked it is of no account. When desired, the final colored solution may 
be filtered through a small folded filter into the colorimeter cup. 
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employed with satisfactory results when pure picramic is not 
obtainable. 

The picramic acid standard is best prepared from a stock solu- 
tion containing 100 mg. of picramic acid and 200 mg. of sodium 
carbonate per liter. 126 ce. of this solution are treated with 1 ce. 
of the 20 per cent carbonate solution and 15 cc. of the picrate- 
picric acid solution, and diluted to 300 ce. with distilled water. 
This solution matches exactly the color from 0.64 mg. of glucose, 
when treated as in the above method and diluted to 12.5 ce. 

The standard prepared from potassium dichromate contains 
800 mg. of pure potassium dichromate in a liter of water. 

Results obtained by the method described above duplicate very 
closely those obtained by the original Lewis-Benedict method 
for the same samples of blood. The use of the three times satu- 
rated picric acid solution provides an abundance of picric acid in 
the final filtrate so that the reaction goes to completion without 
further concentration. 

If desired, 1 ce. of blood may be used instead of 2, making the 
initial dilution to 12.5 ec. instead of to 25 ec. In this case the 
test-tube graduated at 12.5 cc. and at 25 ce. is convenient for the 
dilution. Where 1 ec. of blood is employed there is not sufficient 
filtrate for duplicates, but after one is used to the method, dupli- 
cates are scarcely necessary. 

a os Reading of standard ot «oe a 

Reading of unknown 
sugar in the original blood. Where the final dilution is made to 
25 cc. instead of 12.5 ec. the final figure is of course multiplied by 
two. 

For clinical purposes Epstein’ has modified the Lewis-Benedict 
method so as to make it applicable to the determination of sugar 
in 0.2 cc. of blood. Epstein published this modification while 
using the Lewis-Benedict method through the courtesy of a pri- 
vate communication to the Mt. Sinai laboratory. His paper 
appeared prior to the final paper of Lewis and Benedict, and was 
published without consulting Lewis and Benedict in any way or 
asking whether they had a similar clinical application in mind. 
The present writer wishes therefore to reserve, for a reasonable 


7 Epstein, A. A., J. Am. Med. Assn., 1914, Ixiii, 1667. 
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time, application of the method described in the present paper to 
quantities of blood smaller than 1 ee. 

In conclusion it may be of interest to answer, at least partially, 
a verbal criticism of the Lewis-Benedict method which has come 
occasionally to the attention of the present writer. This criticism 
has been substantially that the picric acid method yields high 
results for blood, owing to the production of color by non-carbo- 
hydrate substances—most notably creatine and creatinine. 

Evidence against the picrie acid method has been lacking, but 
the criticism has recurred at not infrequent intervals. It has been 
widely recognized that the method gives results for human blood 
essentially duplicating those obtained by standard methods, so 
that the criticism has been chiefly limited to dog’s blood, coneern- 
ing the sugar content of which there has of late years been con- 
siderable discussion. 

The writer has therefore determined the sugar content of several 
samples of dog’s blood by (a) the method described in the present 
paper and (b by application of the proc dure described for urine 
in the preceding paper. In the latter case the blood was first 
coagulated with five volumes of 0.01 N acetic acid by boiling, an 
aliquot of the filtrate concentrated by boiling to a suitable volume, 
and this solution treated exactly as described for urine in the 
preceding paper. On the five different samples of blood tested, 
the mercuric nitrate precipitation method gave results only 2 
to 4 per cent lower than the direct picrie acid method, as indicated 
in the following table. 


’ | Preliminary precipitat 
\ ) pieri¢e acid ! vith He( NO ind NaCHoO 
0 0928 0.09] 
0.12 0.097 
0.090 0.088 
| 0.095 0.097 
5 0.14 0.11 


A control by fermentation showed that slightly over 90 per 
cent of the sugar, as determined by the direct picric acid method 
is fermented by yeast. 
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We contemplate a study of the sugar content of pathological 
human bloods along the lines above indicated. We are inclined 
to believe that in some instances, particularly in advanced nephri 
tis, interfering substances may be of enough significance to war 
rant recourse to preliminary precipitation with mercuric nit 


and bicarbonate. 
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An accurate study of the urinary sugar elimination of normal 
animals has hitherto been practically impossible, owing to the 
lack of suitable technique. We have applied the method for 
urinary sugar determination described in one of the preceding 
papers to the urine of the dog, and the present paper presents a 
summary of some of our findings upon one animal. Several 
other animals have been studied in sufficient detail to warrant the 
conclusion that the results presented in the present paper hold 
essentially for the species. 

As is noted in a preceding paper,’ our method provides for 
determination of both fermentable and unfermentable sugar. 
In the present paper we are reporting results for total sugar in 
the urine of the dog. In subsequent communications we shall 
discuss the relationship of fermentable to unfermentable sugar in 
the urine of the dog, and shall show that it is possible to vary 
either or both of these two constituents of the urine by suitable 
administration of carbohydrate. 

The present work has been planned to determine: (a) the total 
sugar excretion upon various diets and during starvation, and 
(6) the sugar output in relation to the time of food ingestion and 
the urinary volume. This latter point is of especial significance 
because through such a study we may find out whether urinary 
sugar excretion is simply due to the fact that the kidney is an only 
partially efficient filter, so that a constant percentage of sugar 

1 Benedict, S. R., and Osterberg, E., J. Biol. Chem., 1918, xxxiv. 195 
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passes through with the other urinary constituents, or whether 
urinary sugar, even in normal animals, is at least partially a 
measure of carbohydrate tolerance. 

In our plan to follow the urinary sugar in frequent periods 
throughout the entire 24 hours we have been greatly helped by a 
machine constructed by one of us (D.) which provides for collec- 
tion of each sample separately at the time of urination, while 
simultaneously recording the exact time of urination upon a 
revolving drum. We have therefore not catheterized during thes 
experiments. The irregular hours of urine collection recorded in 
the tables represent the hours of spontaneous urination. Since 
the machine may prove of service to others, we shall describe it 
in detail in a subsequent communication. 

Table I represents our findings with a bitch of a weight of about 
IS kilos, upon a diet such as we commonly feed laboratory ani- 
mals and which is rather high in carbohydrate content. 

\n inspection of Table I will show that on a constant diet the 
total urinary sugar output for the 24 hour period is relatively 
constant. The quantity eliminated on this diet averages about 
17 mg. per hour for the 24 hours, with a maximum variation 
for different days of 15.6 mg. to 16.8 mg. per hour, for the 24 how 


} 


period. It will be noted that the sugar output is totally independ- 
ent of urinary volume. The percentage of sugar in the urine varies 
enormously, as illustrated by the maximum, 0.36 per cent (one 
sample on April 8), and the minimum, 0.021 per cent (one sample 
on April 15 

In spite of the fact that the diet contained very little free sugar 
only about 4 gm. of lactose in the milk) it will be noted from 
Table I that food ngest on is the controlling far for in the suga 
elimination. An inspection of the output of sugar per how 
for the various periods after food ingestion shows a very definite 
course for the sugar elimination 

This fact is perhaps most clearly brought out on April 15 
(Table TI). During this day the dog urinated eleven times during 
the 24 hours, so that the sugar elimination can be followed in some- 
what more detail than during the other days. For the first 2 
hours after food ingestion the sugar elimination is 13.5 mg. per hour. 
During the following hour this rate is approximately doubled to 


26mg. per hour. Tor the next how ind a half the rate of elimina- 
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TABLE I—Concluded. 


Date Volume Reaction rota! sugar 
(pr. 16 
I {, 10.50 a.m. 
9 50 a.m 2.15 p.m 42.0 Alkaline. 0.152 63.8 13.4 
2.15 pm.- 5.15 “ . 63.0 “ 0.160 100.8 | 33.6 
5.16 “+8. “. 19.0 | Slightly 
alkaline. | 0.155 29.5 23 .6 
6.25 = 10.55 7 64.0 Acid. 0.108 69.1 15.4 
10.55 = 2.10 a.m. 55.0 = 0.OSS 18.4 14.9 
2.10 a.m 7.50 = 150.0 - 0.0385 52.5 Q | 
7m « 9m “ 17.0 -” 0.071 2.4 8.1 
410.0 0.092 376.2 15.7 
Apr. 17 
Fed, 9.40 a.m. | 
9.30 a.m.—11.30 p.m... 236.0 | Slightly 0.120 283 .2 20.2 
alkaline. 
11.30 p.m.— 9.15 a.m... 224.0 | Acid. 0.048 107.5 11.0 
460.0 0.085 390.7 16.8 
Apr. 18 
Fed, 10.10 a.m. 
9.15 a.m.— 9.50 p.m... 358.0 | Alkaline. 0.077 275.7 22.1 
9.50 p.m.— 4.40 a.m... 116.0 | Acid. 0.059 68.5 9.8 
4.40 a.m.- 6.40 “ . 90.0 ' 0.028 25.2 12.6 
6.40 “ -10.00 “ . 39.0 ° 0.065 25.4 73 
603 .0 0.0655 394.8 16.0 


tion is 27.2 mg. per hour, followed during the next half hour 
(4.5 to 5 hours after feeding) by an increase to the maximum of the 
day—41.4 mg. per hour. From this maximum there is a slow and 
almost continuous drop in the sugar output (broken once by a 
slight rise from 5.30 to 8.20 p.m.) to the minimum of 4.7 mg. per 
hour, which is reached about 15 hours after food ingestion. The 
experiments on other days with the same diet record the same 
general course for the sugar elimination. It may be noted here 
that during the periods of the minimum sugar elimination, as 
illustrated on April 15 between 12.10 and 9.30 a.m., glucose 
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TABLE II. 


Same Animal on Protein (Carbohydrate-Poor) Dyet. 


Meat e 300 


tS PrUh ene ‘ , 10) 


Cracker meal ; ; 50 
Bone ash ces ; 20 
Date Volume Reaction Total sug 
Mar. 27 
Fed, 11.15 a.m 
11.10 a.m.— 3.40 p.m. 86.0 Alkaline 0.065 55.9 12.4 
3.40 p.m.- 6.20 “ . 88.0. Slightly 
alkaline 0.078 68.8 25.0 
6.20 { 815“. 36.0 | Aeid 0.065 23.4 11.7 
8.156“ - 3.15'a.m.. 168.0 “ 0.034 57.1 8.2 
3.l15a.m—9.00 “ . 126.0 ss 0.040 50.4 8.8 
9.00 “f-11.35} “ ... 16.0 0.110 17.6 7.0 
520.0 0.0525 273.2 11.15 
Mar. 28 
Fed, 11.35 a.m. 
11.85 a.m.— 6.35 p.m 100.0 Alkaline 0.100 100.0 14 
6.35 p.m. 8.50 “ 10.0 | Acid. 0.029 11 .¢ 9.2 
Si 12.45 a.m 62.0 ” 0.075 16.5 11.6 
12.45 am.-9.15 “* 150.0 0.058 87.0 10.] 
352.0 0 070 245.1 9.8 
Mar. 29 
Fed, 9.15 a.m 
9 15 a.m 2.50 p.m 80.0 Alkaline 0.134 107.2 19.5 
2.50 p.m 1.20 *. 81.0 \eid. 0.045 36.4 S.] 
7.25 6¢ 135 “«. 53.0 = 0.088 16.6 11.0 
11.35 “ 1 00 a.m iS .0 * 0.084 10.3 9.0 
{00 a.m.-10.15 “ . 65.0 - 0.096 62.4 10.{ 
327.0 0.089 292.9 Li.é 
Mar. 30 
Fed, 10.15 a.m. 
10.15 a.m.— 9.00 p.m... 195.0 | Acid. 0.083 162.0 15.1 
9.00 p.m.— 8.00 a.m... 130.0 ss 0.090 117.0 10.6 
325.0 0.086 279.0 12.8 


ee 
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rABLE 1—Concluded 


Dat Volur Reactior otal sugar 
Mar. 31 

Fed 10 10 a.m 

8.00 a.m 2.20 p.i 90.0 Acid 0.112 100.8 16.1 

2.20 p.m § 20 150.0 : 0.05 79.0 12.5 

S20 * 6.45 aa 145.0 aa 0.056 81.2 ..¥ 

6.45 a.m.-11.00 “* 65.0 ' 0.091 9.2 13.9 
150.0 0.0703 316.2 cee 

( tently comple fely disappea iro fhe urine, as inaieated 


no change in the sugar content of the urine after fermentation 


with veast. This point will hye discussed Im more det il mn sub 


sequent paper. 


The high variation in the percentage of sugar in the urine is of 


interest as indicating absence of influence of urinary. volum: 
upon the absolute amount of sugal eliminated. 

In Table If are recorded experiments with the same anim 
ipon a diet high in protein and low in earbohydrate. This 
contained no free sugar. 

It will be noted that the total sugar elimination on the meat 


] 


diet is appreciably less than on the diet containing more starc! 


] ] 


()n this latter diet the dog had an average sugar elimination 
of about 17 mg. per hour, while on the low carbohydrate diet this 
figure falls to about 11 mg. per hour. The ingestion of the meat 
het is followed by a rise in the urinary sugar as 1m the ease of the 
carbohydrate diet, but the rise is not to so high a figure, nor does 
it extend over so long a period after the ingestion of the food 

In Table III the results for 4 days of fasting are reported. For 
these days the sugar elimination is nearly constant from hour to 
hour and averages about S meg. per hour. This figure is apprecl- 
ably lower than that obtained with the meat diet, and almost 
as low as was obtained for any of the periods representing from 16 
to 24 hours after food ingestion on either the meat or the carbo- 
hvdrate diet. Thus the fofal sugar elimination of the well fed 
normal dog falls to a true fasting level during approximately the 
last 8 or 10 hours of the 24. We have some data, however, which 


show that the ratio of fermentable sugar elucose to the total 
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sugar varies markedly during more prolonged fasting from the 


ratio Which obtains during the fasting hours of the animal fed 


Once 


il day ‘ 


In concluding it seems desirable to call attention in 


wav, tO the reaction 


our experiments. 


a general 


to litmus) of the urine samples as reported in 


Alkaline reactions are reported SO frequently 


that the reader mav be SUSPICLOUS that we were dealing with an 


11.00 
10.350 p 


10.30 a 


Dat 


Apr. 2 


m.—10.30 p.m 


m.—10.30 a.m... 


\pr. 3 


\pr. 4 
m.-10.45 p.t 


m 9 00 


J.UU a.m. 


animal 
that this was not the case. 
any time, 
chief ‘“‘alkaline tide” 


having an 


9.00 m.. 


TABLE III 
Ny | mal Fasting 
\ React 
72.0 Acid. 0.128 
71.0 “ 0.126 
143.0 0.127 
72.0 Acid 0.286 
66.0 Slightly 0.193 


alk iline. 


50.0 (cid. 0.148 


116.0 0.173% 


18.0 | Slightly 0.051 
alkaline 
80.0 | Acid. 0.21 


128.0 0.150 


infected bladder. We may 


Tota 
2. 2 8.0 
895 7.8 
181.7 af 
206 0 9 ] 
127.3 9.3 
74.0 Pe 
201.3 8 4 
24.5 Ss Y 
168.0 7.5 
192.5 7.6 
state definitely 


The animal was not catheterized at 
All mixed 24 hour samples were strongly acid. The 
invariably follows food ingestion, and during 


such a period samples 3 hour apart were just as definitely alkaline 


as those obtained at longer intervals following the food ingestion 


The night samples, which frequently remained in the bladder for 
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many hours were strongly acid. Other animals we have studied 
have shown the same general “alkaline tide’? encountered in this 
one. We are probably simply recording in some detail the com- 
monly recognized fact that urines tend to become less acid for a 
period during digestion. 

A comparison of the reaction of the urine with the quantity 
of sugar eliminated shows that the alkaline urines contain the 
larger quantities of sugar. The transition to acid reaction is 
practically invariably accompanied by a sharp fall in the rate of 
sugar elimination. Whether these facts are causally interrelated 
cannot be answered at present. It may be noted however, that 
such a finding might be in accord with the view of a number of 
recent investigators who maintain that there is a definite relation- 
ship between hydrogen ion concentration of the blood and sugar 
utilization by the organism. 

This question, together with various other phases of the prob- 
lem of carbohydrate utilization in the dog under normal and 
certain pathological conditions will be reported upon in further 
communications. In the near future we shall report upon the 
alleged “olucose tolerance’ in the dog and upon the changes of 
the urinary sugar forms following the introduction of carbohydrate 


by various means. 
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Few subjects In biological chemistry have received as much 
attention, with as little definite result, as the question of the 
sugar excretion in normal urine. Extended investigations, such 
as that of Baisch' have indeed shown that normal human urine 
habitually contains carbohydrate, a portion of which is probably 
dextrose. Baisch also detected a second sugar which was non- 
fermentable with veast, and which yielded an osazone melting 
at about 153°. He regarded this sugar as probably identical with 
isomaltose. Pavy and Siau® reported similar findings for urine, 
blood, and tissue and coneluded positively that glucose is not the 
only reducing sugar present in the body. Attempts to study the 
normal sugar elimination and the factors influencing it have not 
been wanting, but the results have been inconclusive, owing 
chiefly to lack of suitable analytical technique. Moritz® in 1890 
reported a detailed study of the copper-reducing substances in 
normal urine, but concluded little more than that dextrose is 
probably present. 

Breult attempted a quantitative study of normal sugar excre- 
tion and concluded that urine ordinarily contains 0.027 to 0.178 
per cent of sugar, amounting to an excretion of 0.3 to 1.9 gm. per 

1 Baisch, K., Z. physiol. Chem., 1895, xx, 248. 

2 Pavy, F. W., and Siau, R. L., J. Physiol., 1900-01, xxvi, 282. 

§ Moritz, F., Deutsch. Arch. klin. Med., 1890, xlvi, 217. 

4 Breul, L., Arch. exp. Path. u. Pharm., 1898, xl, 1. 
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day for an ordinary adult man. He further concluded that feed- 
ing with carbohydrate does not increase the normal sugar elimina- 
tion. Schondorff,’ making use of a much better technique, found 
that the normal dextrose content of urine averages from 0.01 to 
0.02 per cent and reported that ingestion of high carbohydrate 
diets would increase the sugar content of normal urines very 
markedly—up to 0.1 per cent. More recently Oppler,® working 
with urines precipitated with lead and phosphotungstie acid, 
concludes that urine may contain an optically inactive, ferment- 
able sugar up to 0.04 per cent, but that true dextrose cannot be 
present up to more than 0.01 per cent. 

Thus the information at present available is not only v:; oie 
in regard to the nature of the urinary sugars, but is equally or more 
vague concerning the faetors which influence the exeretion of 
sugar in normalurine. Recent procedures, such as that suggested 
by Folin,’ to demonstrate dextrose in normal urine serve to call 
attention again to the fact that urme contains traces of reducing 
substance, but afford no positive data beyond this point. In- 
deed the knowledge of normal sugar excretion has not been 
advanced by such procedures bevond the evidence offered by 
Crismer® vears ago. Crismer reported that safranin in alkaline 
solution is reduced by normal urines, but is unaffected by any 
known constituent of urme other than dextrose. The use of 
Crismer’s solution (0.1 per cent safranin in water) stands today 
as the simplest method of demonstrating the probable presence of 
dextrose in normal urine, and is theoretically quite as accurate 
as any of the more elaborate procedures so far proposed. 

Our lack of knowledge of the factors involved in normal sugai 
excretion is perhaps nowhere more emphasized than in the text- 
books on diabetes. Even the best of these dismiss the question of 
sugar in normal urine with a few lines of vague and uncertain 
statements.’ Yet the problem of diabetes must be intimately 
bound up with the facts of normal sugar excretion. Perhaps one 


Schéndorff, B., Arch. ges. Physiol., 1907, exxi, 572. 
* Oppler, B., Z. physiol. Chem., 1911, lxxv, 71. 
7 Folin, O., J. Biol. Chem., 1915, xxii, 327. 
*’Crismer, L., Ann. Soc. méd-chir. de Liége, 1888, October. 
’ Joslin, E. P., Treatment of Diabetes Mellitus, Philadelphia and New 
York, 2nd edition, 1917. 
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of the chief difficulties in solving the problem of diabetes lies in 
the fact that diabetes represents primarily the absence, or minimal 
activity, of a function which the investigator is trying to study. 
In line with this view it is worthy of note that Allen made his 
progress in the treatment of diabetes after studies on animals 
in which there was (through operative technique) minimal im- 
pairment of the carbohydrate function. Allen’s main conclusions 
from. his studies on partially depancreatized dogs are not only 
corroborated by the findings on the normal dog reported in the 
preceding paper, but it is interesting to note that his main con- 
clusions concerning the the rapeusis of diabetes might have been 
reached originally wholly from the normal animal. 

In t 


1 quantitative urinary sugar findings for two normal men. 


he present paper we are presenting a rather detailed report 


Ot 
Not all of the experimental data obtained have been included, but 
we have tried to report in sufficient detail so that there may be no 
question as to the basis for the conclusions drawn. 

The general plan of the work has been as follows: The in- 
dividuals selected were both thoroughly familiar with the routine 


of metabolism expt riments and with the methods ot study in- 


volved in the present work. Neither subject has a direct diabetie 


history in the family. In age and tvpe the subjeets varv widely 
hi. O., age 51 vears, weight 86 kilos, has been an instructor in the 
laboratory for many vears. His urine has been frequently quali- 


tatively examined for sugar, during this period, with negative 
results. 

I. N., age 22 vears, weight about 57 kilos, has been a graduate 
student in the laboratory for 2 years. His urine has given 
negative qualitative tests for sugar with the Benedict reagent 
and there is no history of diabetes in his family. He is of muscular 
build, active, and a light eater. 

The method fo. sugar determination in the urine emploved 
throughout the present work was a slight modification of the one 
described in the first paper of the present series. Where sugar is 
present up to 0.025 per cent in the original urine this method will 
determine it to an accuracy of about 0.004 per cent. 

For a discussion of the adequacy of this method for the present study, 
the reader is referred to the first of the preceding papers (Benedict, S. 
R., and Osterberg, E., J. Biol. Chem., 1918, xxxiv, 195). 
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The work at present reported covers the following specific 
points for the two individuals. (1) The total sugar output for 
24 hours on various diets (normal, high carbohydrate, and 
low carbohydrate). Aside from its fundamental importance, 
an answer to this question for a number of individuals should 
afford valuable data for clinicians attempting to diagnose border- 
line cases of diabetes; z.e., those cases in which an individual sample 
of urine may show a questionable reaction with any or all of the 
qualitative copper tests. An accurate determination on the 24 
hour sample of such an individual will, when sufficient normal 
data are available, afford a definite basis for diagnosis which can 
be obtained in no other way. (2) The question has been studied 
as to the excretion of sugar in relation to the ingestion of food. 
3) The tolerance to glucose and to cane sugar on an empty 


stomach has been studied. Since our method provides for the 
determination of smaller quantities of sugar than has hitherto 
been possible and since we use a new criterion to determine toler- 
ance, it seemed probable that previous conclusions on this point 
might be somewhat erroneous. Our results have shown that 
this is the case. +) The effects of addition of varving amounts 
of glucose and of cane sugar to a weighed diet were studied. Our 
results on the relationship of sugar elimination to food ingestion 
led to this study. (5) Throughout the work we have carefully 
determined both the fermentable sugar (dextrose?) and the un- 
fermentable sugar in all samples of urine, and have recorded 
both of these in mg. and in per cent of the total sugar. 

When we began our work on sugar in urine we had the common 
impression that the only sugar of any account in urine is glucose, 
and we believed our method at fault when we could not obtain 
zero readings after fermentation. But when we found that our 
final filtrates were practically nitrogen-free, and that the non- 
fermentable portion increased with increase of carbohydrate in 
the diet, as did the fermentable portion, we were led to change this 
opinion. Observations, that increase of protein in the diet led 
to no increase of the non-fermentable sugar, further strengthened 
the view that the non-fermentable substance is derived from 
carbohydrate and should be classed as a sugar. Certain 
observations on the dog, which we will report later, seem to 


prove the correctness of this latter D sition. We expect. to he 


| 

















ARUN 





Benedict, Osterberg, and Neuwirth 221 


able to isolate the non-fermentable substance from the urine of 
the dog. 

At present we regard the occurrence and relationship of the 
unfermentable carbohydrate as of the greatest significance. In- 
deed, as will be noted in several of our experiments, the first 
detectable effect on the urine of sugar given in small quantities is 
a changed relationship of the fermentable and non-fermentable 


sugars as determined in our method. 


EXPERIMENTAL, 


Table I presents the urinary sugar findings for E. O. upon an 
ordinary mixed diet. The urines were collected in 12 hour periods. 
In spite of the fact that the diet was not weighed, the total sugar 
excreted is quite constant for the 5 days, ranging between 0.903 
and 1.161 gm. for the 24 hour period. The average total sugar 
elimination is about 1 gm. per day. 

The quantity of sugar excreted is quite independent of volume 
of the urine, the percentage of sugar in the urine ranging between 
0.067 and 0.124 per cent. The greater quantity of the sugar is 
eliminated during the night period. Subsequent tables will show 
that this is due to the fact that the chief meal of the day was 
eaten at 7 p.m. The fermentable sugar (dextrose?) ranges be- 
tween 356 and 571 mg. The unfermentable sugar varies between 
367 and 660 mg., and between 40 and 65 per cent of the total. 
These variations are probably due to differences in the diet, since 
they are not nearly so apparent upon the second 2 days on a 
weighed diet (Table VIII). The percentage of the unfermentable 
sugar is invariably higher for the day sample, where the total 
sugar elimination is less. 

Table II records results for the same individual upon a diet low 
in carbohydrate and high in protein. Excepting the first day of 
this diet (to exclude any after effect of preceding diet) we note 
that the total sugar eliminated is remarkably constant, ranging 
between 0.791 and 0.723 gm. with an average of about 0.75 gm., 
as contrasted with an average of about 1 gm. on the ordinary diet. 
Both fermentable and unfermentable sugar are appreciably lower 
than on the ordinary diet. The urinary volumes are considerably 
greater than on the preceding diet, so that the percentage of sugar 
in the urine is very much lower than on the ordinary diet. This 
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TABLE If. 


ordinary 


Details 


non-fermentable sugar in urine on 


Urine collected in 12 hour periods 


low the figures for each day. 


After fermentation 


A y sefore ler- 
Da \ “ fermentation mented Non- 
ferment 
ible 
; 1] ) f ) 
June >] 
7 a. 7p. 100 |) 0.098 392.0) 128.0 | 0.066 | 264.0 67.3 
‘p.m. a.m 600 | 0.104 624.0) 228.0 | 0.066) 396.0 63.9 
7 a.m.-7 a.n 1,000 | 0.1016) 1,016.0 |) 3856.0 | 0.066 | 660.0 65.0 
Breakfast: Cornbread, milk, butter, sugar, coffe 7.30 a.n 
Lunch Bread, butter, eggs, cheese l 30 p.n 
Dinner: Steak, vegetables, bread, butter, cake 
tea, milk, sugar 7.30 
June 2? 
7 a.m.-7 pu 120 | 0.124 521.4) 206.4 | 0.075 | 315.0 60.4 
7 p.m.-7 acn 640 0.100 640.0) 364.7 | 0.048 | 275.3 13.0 
7a 7 an 1,060 | 0.1095, 1,161.4) 571.1 0.055 > 590.3 50.8 
Breakfast Foree, milk, sugar, bread, butter, coffee 7.30 a.m 
Lunch Sread butter. eggs, cheese 1 00 p.u 
Dinner: Clam chowder, weakfish, bread, butter, po- 
tatoes, coffee, milk, sugar, starch pudding, cake 7.30 
June 23 
7 a.m.-7 p.m 180 | 0.082 393.6} 187.2 | 0.043 | 206.4 52.4 
7 p.m.-7 an S00 «0.067 536.0 288.0 0.081 248 .0 1 3 
7a 7 i 1,280 | 0.073 929.6) 475.2 | 0.035 $54.4 48.9 
Breakfast: Foree, milk, sugar, bread, butter, coffee 7.30 a.m 
| h: Cold meat, bread, butter 1.30 p.m 
Dinner: Bread, butter, canned salmon, glass of milk, 
western egg sandwich 7.30 
June 24 
7 al 7 pen 510 | 0.073 372.4); 219.4 | 0.030 | 153.0 $1.1 
7p 7 a.m 690 | 0.076 531.3 | 317.3 | 0.061 | 214.0 410.3 
(a. 7 a.m 1,200 | 0.0753! 903.7) 536.7 | 0.030 | 367.0 10.6 
Breakfast: Eggs, lamb chops, bread, butter, milk, 
sugar, coffee (.00 a.m 
L ime h Pot roast potatoes, OnLONS bread, butter, tea, 
milk, sugar l 30 p.m 


cheese. peaches, CTearp, coffee, 

















Benedict, Osterberg, and Neuwirth 223 





rABLE I—Conelu 


(fter fermentatior 


, Before Fer- 
Date Volume P " 
een fermentation mented Non- 
ferment- 
able 
June 25 
¢ a.m.-7 p.m. 150 0.079 355.5 | 135.0 | 0.049 | 220.5 62.0 
¢ p.m.—7 a.m.., 560 | 0.110 616.0; 319.2 | 0.053 | 296.8 {2.2 
7 a.m.-7 a.m 1,010 | 0.096 971.5 | 454.2 | 0.051 | 517.3 93.2 
Breakfast: Orange, force, milk, sugar, bread, butter, 
cotfee 7 ou an 
Lunch: Bread, butter, meat, cheese 1.00 p.m 


Dinner Veal chops, potatoes tomatoes, onions rad- 


ishes, bread, butter, milk, sugar, tea... 7.30 


point illustrates again the absence of any direct relationship be- 
tween quantity of urine and of sugar. The percentage of non- 
fermentable sugar averages higher on the protein than on the 
ordinary diet. 

Table III presents detailed results upon a high carbohydrate 
diet. The urine was collected and analyzed in 2 hour periods 
from 5 a.m. to 11 p.m. The total sugar output on the diet high 
in carbohydrate is about 50 per cent greater than on the ordinary 
diet, averaging nearly 1.5 gm. per day. This figure is almost 
double that on the high protein diet. The absolute amount of 
non-fermentable sugar is also markedly higher than on either of 
the preceding diets, amounting to about 0.6 gm. per day. Though 
increased in absolute amount, the percentage of the non-ferment- 
able sugar is lower than on the ordinary or high protein diets, 
averaging only slightly over 10 per cent of the total sugal \ com- 
parison of the absolute amounts of non-fermentable sugar elimin- 
ated upon the three diets shows unmistakably the origin of this 


substance in carbohydrate. 
» 


The course of the sugar exeretion for the 2 hour periods is of 


} 


interest. From 5 to 7 a.m. each day the sugar eliminated is 


nearly at a minimum, while the percentage of non-fermentable 


sugar is at practically its maximal figure. For the 2 hours fol- 
lowing breakfast the total sugar eliminated is about 300 per 


cent higher than for the two previous fasting hours. The extra 
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224 Carbohydrate Metabolism. II 


TABLE IL. 


E. O.—Fermentable and non-fermentable sugar in urine on carbo- 
hydrate-poor (high protein) diet. Urine collected in 12 hour periods 
Details of the diet follow the figures for each d Ly 


After fermentation 


Before Ver 

Date Volume fermentatio1 mented Non- 
ferment- 

able 
per t ’ ] t r nt 

July 8 

7 a.m.-7 p.m.. 510 | 0.098 174.3 | 209.1 | 0.052 | 265.2 55.9 
7 p.m.-7 a.m. 710 | 0.054 383.4 92.3 | 0.041 291.1 75.9 
7 a.m.—/ a.m.. 1,220 | 0.070 857.7 | 301.4 | 0.045 | 556.3 64.8 


Breakfast: Two eggs, frankfurters, pint of milk, bread, butter 
Luneh: Roast chicken, peas, bread, butter, pint of milk, crackers, 
cheese. 


Dinner: Cold ham, chicken, onions, bread, butter, } pint milk. 


July 9 


7 a.m.-7 p.m.. 584 0.059 | 344.5 | 134.5 | 0.036 | 210.0) 61.0 
7 p.m.—/ a.m.. 910 | 0.045 410.0 | 182.5 | 0.025 | 227.5 55.5 
7 a.m.-—7 a.m.. 1,494 | 0.0505) 754.5 | 317.0 | 0.029 | 437.5 58.0 
Breakfast: Two eggs, pint of milk, bread, butter. 
Lunch: Dried beef, bread, butter. 
Dinner: Steak, pint of milk, bread, butter. 
July 10 
7 a.m.-7 p.m.. 705 | 0.052 366.6 190.3 | 0.025 176.3 18 1 
7 p.m.—7 a.m.. 850 | 0.050 | 425.0 | 255.0 | 0.020 | 170.0} 40.0 
7 a.m.-7 a.m.. 1,555 | 0.0510} 791.6 | 445.3 | 0.022 | 346.3 13.8 
Breakfast: Two eggs, pint of milk, bread, butter. 
Lunch: Cold steak, bread, butter. 
Dinner: Ham, two fried eggs, pint of milk, bread, butter, cheese 
July 11 
7 a.m.—7 p.m.. 690 | 0.050 345.0 | 145.0 | 0.029 | 200.0 58.0 
7 p.m.-7 a.m.. 1,010 | 0.040 404.0 | 171.8 | 0.023 | 232.2 57.5 
7 a.m.—/7 &.m.. 1,700 | 0.0440; 749.0 | 316.8 | 0.025 | 432.2 57.7 


Breakfast: Orange, two eggs, pint of milk, bread, butter. 
Lunch: Ham, bread, butter. 


Dinner: Fried mackerel, one egg, pint of milk, bread, butter. 
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rABLE 11—Concluded. 


After fermentation 
D ee Before Fer- 
— fermentation mented Non- 
ferment- 
able 
July 12 
7 a.m.-7 p.m 690) 0.050 345.0 | 151.8 | 0.028 193.2 56.0 
7 p.m.-~7 a.m 1.050 | 0.086 378.0) 157.5 | 0.021 | 220.5 58.3 
7 a.m.-7 a.m 1.740 0.042 723.0 | 309.3 | 0.024 113.7 bf .2 


sreakfast: Two eggs, pint of milk, bread, butter. 
Lunch: Meat wurst, bread, butter. 


Dinner: Pot roast. two eggs, bread, butter, pint of milk 


sugar eliminated for this period is wholly fermentable. Indeed 
the absolute quantity of non-fermentable sugar drops slightly, 
so that the percentage of unfermentable sugar falls from about 60 
to about 12 per cent. For the 3rd and 4th hours after breakfast 
the total sugar falls off markedly. This fall is wholly confined to 
the fermentable portion. For this period the quantity of unfer- 
mentable sugar is nearly double that of the preceding period. 
In each instance this increase in the unfermentable sugar is 
accompanied by an increase in the urinary volume. Volume, 
however, is not a factor in the elimination of the unfermentable 
sugar. A glance down the table will show that the percentage of 
unfermentable sugar in the urine undergoes marked changes. 
furthermore, the protein diet, which vielded the largest urinary 
volumes gave the lowest absolute quantity of unfermentable 


lars 


sugar. 


4 


it present we are inclined to regard the output of the unfer- 
mentable sugar as re presenting a stage in digestion and absorp- 
tion, or more probably a stage in the adjustment of the body to 
the assimilation of the sugar. When the sugar is being more 
adequately handled, there is an increased formation and elimina- 


tion of the non-fermentable sugar." This view is supported by 


It is of interest in this connection to note the results reported by 


Fisher and Wishart (J. Biol. Chem., 1912-13, xili, 49) after feeding dextrose 


to a fasting dog. These investigators reported that during the absorption 
of the sugar the blood sugar increased, accompanied by a hydremic ple- 
thora During the 4th hour the metabolism falls to the fasting level, ac- 
companied by a marked diuresis. This period apparently marks complete 


idjustment on the part of the organism to the ingested sugar. 
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TABLE III ; 
E. O.—Fermentable and non-fermentable sugar in urine on carbohydrate- i 


rich (unweighed) diet. Collected in 2 hour periods for the day. 


After fermentation 


Date i Volume ae Be ioe Non- 
ferment- 
able. 
I t U 9 pe nt per t 
July 16 
5 a.m. 7 a.m. 102 | 0.078 79.5 | 26.5 | 0.052} 53.0) 66.7 
aad ieee 85 | 0.34 289.0 | 255.0 | 0.04 34.0 11.8 
os * = Ry cia 127 | 0.10 27.0 67.3 | 0.047 59.7 47.0 
1] i p.m... 100 | 0.088 8S.0 39.0 | 0.049 49.0 55.7 
lpm-3 “. 54 | 0.192 103.7 64.8 | 0.072 38.9 37.5 
» = i 84 | 0.097 81.5 3.7 | 0.045 37.8 46.4 
5 : ie. ie 40 | 0.117 46.8 24.4 | 0.056 22.4 48.0 
7 #-9 “. 60 | 0.214} 128.4) 68.4 0.100! 60.0) 46.7 ‘ 
aa Se 78 | 0.175 136.5 76.4 | 0.077 60.1 44.0 ; 
: li “ —~6a.m.. 260 | 0.123 | 320.0 | 171.8 | 0.057 | 148.2 | 46.3 ? 
5a.m.-5a.m....., 990 | 0.141 | 1,400.4, 837.3 | 0.057 | 563.1 | 40.2 : 
Breakfast: Pancakes, syrup, bread, butter, 
milk, sugar, coffee 7 a.m.-7.30 a.m. 
Lunch: Crackers, milk, sugar woes ; 1 p.m.—! .30 p.m. 
Dinner: Small piece of meat, potatoes, onions, 
radishes, bread, butter, coffee, milk, sugar, 
rice pudding........... ern 1&7. 
July 17 
9 a.m.— 7 a.m.. 72 | 0.100 72.0} 27.0 | 0.062 15.0 62.5 
oe 62 | 0.608 377.0 | 331.7 | 0.073 45.3 12.0 
a, ems. ” . 110 | 0.163 179.3 91.3 | 0.08 88.0 49] 
) ie 1 p.m 80 0.108 86.4) 50.4! 0.045 | 36.0 “ie 
Ipm-3 “ 60 | 0.182 109.2; 63.3 | 0.076 45.9 52.0 
' as aaa 70 | 0.1138 79.1 44.1 0.050 35.0 44.2 
5 - 7 wa 5S 0.100 58.0 23.8 | 0.059 34.2 59.0 
Ue ade 50 | 0.250 125.0! 66.5 | 0.117 58.5 46.8 
- "=e  y 60 | 0.204 122.4 16.2 | 0.127 76.2 62.2 
= ™ 5 a.m.. 242 | 0.163 378.2) 150.3 | 0.094 | 227.4 60.1 
5 a.m.~-5 a.m.. 864 | 0.184 | 1,586.6} 895.1 | 0.080 | 691.5 43.5 


Breakfast: Paneakes, syrup, cotfee, milk, sugar..7 a.m.—7.30 a.m. 
Lunch: Crackers, milk, sugar.......... ......1 p.m.-1.30 p.m. 
Dinner: Small lamb chop, potatoes, lettuce, 

onions, bread, butter, milk, sugar, coffee, 
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TABLE I1I—Concluded. 


After fermentation 


Date Volume! fermentation. | mented Non- 
ferment 
1917 per cent mg mg per cent 
July 18 
5 a.m.— 7 a.m.. 55 0.162 89.1 30.3 | 0.107 58.8 66.0 
. * =, 65 | 0.400 260.0 221.6 | 0.059 38.4 14.8 
9 “-li “ 110 | 0.123 135.3; 55.0 0.073 80.3 59.3 
1] 1 p.m 92 | 0.098 90.2; 29.5 | 0.066 60.7) 67.3 
1 p.m a” 65 0.25 162.5 87.8 | 0.115 74.7 46.0 
3s * - 71 0.115 81.7 11.9 | 0.056 | 39.8) 48.7 
a 7 oor 52 0.157 81.7 38.0 0.084 3.7 53.5 
an » 82 0.142 116.4. 64.7 | 0.063 ol .7 14.4 
os ll es 55 0.185 101.8 46.8 0.100 55.0 54.0 
| o> a.m 184 0.180 331.2 158.2 | 0.094 | 173.0 D2 .2 
5 a.m.— 5 a.m.. 831 0.175 | 1,449.9 | 773.8 | 0.081 | 676.1 46.6 
Breakfast: Pancakes, syrup, coffee, milk, sugar..7 a.m.—7.30 a.m 
Lunch: Crackers, milk, sugar 1 p.m.-1.30 p.m 
Dinner: Small piece of codfish, potatoes, lettuce 
bread, butter, milk, sugar, coffee, cake........7 “ -7.30 


experiments with another subject referred to later. In Table 
III it may also be noted that after the lightest meal (lunch) the 
maximum figure for the non-fermentable sugar is reached within 
the first 2 hours following, just as for the fermentable portion, 
while after the heaviest meal (dinner) the maximal figure for the 
non-fermentable sugar is reached during the 3rd and 4th hours. 
The percentage of sugar in the urine on the high carbohydrate 
diet varies between 0.078 and 0.608 per cent. It is perhaps need- 
less to point out that the urines containing 0.6 and 0.4 per cent 
of sugar gave very marked qualitative tests for sugar with the 
Benedict copper solution. Had these particular samples of urine 
happened to be examined by a elinician the conclusion would 
probably have been drawn that the subject was a diabetic. Al- 
most certainly life insurance would have been refused as a result 
of such an examination, yet the subject has apparently no diabetic 
tendency. For the clinician to find such a tendency would 
simply require a combination of circumstances by which the 
urine sainple should be collected within 2 hours after a breakfast 


ee eee 
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unusually rich in carbohydrate. Probably not infrequently indi- 
viduals are rejected for life insurance owing to such a combina- 
tion of circumstances. An accurate quantitative determination 
for a 24 hour sample on the ordinary diet would correct the error. 

Table IV gives a detailed report of the urine excretion on an 
ordinary diet. The total sugar eliminated approximates closely 
| gm. per day, just as it did on the other days for a similar diet 
reported in Table 1. The effeet of breakfast on the sugar output 
is marked, though the figure reached is not nearly so high as for 
the carbohydrate diet in the preceding table. The lunch eaten 
at 1.30 was light and its effect is not very apparent until the hours 
from 3 to 5, when both glucose and unfermentable sugar reach 
their maximal figures for the afternoon. For each of the diets 


the effect of lunch is markedly less than for either of the other 
two meals. From other data, which we are not yet ready to 
report upon, we are inclined to believe that muscular activity Is at 
least somewhat of a factor in keeping down the sugar elimination 
following the noonday meal. The effeet of dinner, eaten at 7.30 
p.m., is marked upon the sugar output until at least as late as 
ll p.m. For the following hours to 7 a.m. the sugar is low, both 
in percentage in the urine and absolute amount per hour.  Al- 
though the urinary volume is high during these 8 hours, represent- 
ing about 50 per cent of the total volume, the percentage and 
absolute amount of sugar are decreased. Except for the night of 
July 4, when lobster salad composed part of the diet at dinner 
which may have kept the digestive tract working for an unusually 
long time), the output of sugar during the resting hours is constant 
256, 255, and 243 mg.) That this occurs in spite of a wide 
variation in urinary volume leads one almost to suspect that the 
sugar represents a definite excretory product, or in other words 
that there is a definite balance in the organism’s power to me- 
tabolize mobilized (circulating) sugar even in the ordinary physio- 
logical quantities. From this point of view the normal organism 
is truly diabetic, in that it has no absolute tolerance for carbo- 
hydrate but eliminates it irrespective of urinary volume, just as 
does the diabetic. The difference between the normal and dia- 
betie would then be wholly a quantitative one just as is that between 
the mild and severe diabetic. Indeed we feel that an inspection 


f our tables leads unmistakably to this conclusion. 
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i g, 
i ' 
i rABLE I\ j 
é ; 
i E.O.—Fermentable and non-ferment able sugar in urine on ordinary diet ' 
| Urine collected in 2 hour periods from 7 a.m. to 11 p.m 
; Aft t 
i D \ Befo I ; 
iN ‘ ‘“ 
; 
: 
: { 
June 29 
7 a.m Q a.m 60 0.233 139.8 SS S 0.085 51.0 36.5 
ie 11] ” 80 > 0.090 72.0 22.4 0.062 19 6 68.9 | 
( 11 l p.m 76. «0.068 51.7 16.0 0.047 35.7 69.1 i 
t 1 p.m ~~ = 54 0.109 58.9 270.0 0.072 IS 9 66.0 ' 
5 4 . 60 | 0.115 69.0 19.8 0.082 19 2 71.0 : 
: 5 *-7 56 | 0.113 63.3 15.1 0.086| 48.2) 76.0 | 
7 i in 80 0.147 117.6 67 2 0.063 50.4 42.8 
So * 49 4 164 0.084 137.7 72.1 0.040 65.6 47 .6 
3 i] i 7 a.m 610 | 0.042 256.2 104.0 0. O25 152.5 59 5 ) 
3 : 
: 7 a.m.-—/ a.m 1,240 | 0.078 966.2 425.1 0.044) 541.1 56.0 ' 
: : 
Breakfast Force, milk, sugar, bread, butter, coffee 7.30 m : 
| inch Bread butter, ( heese, orange 1.30 p.n | 
Dinner: Corned beef, cabbage potatoes pick 
$ bread, butter, eoffee, milk, sugar 7.30 ' 
’ 
a J ine 30 
4 7 am— 9 a.n 100 | 0.130 130.0 59.0. 0.071 71.0 54.6 
4 Gg « 29 85 | 0.133 96.1 {5.1 0.060 51.0 53.1 | 
4 11 a Ll p.m 72 | 0.086 61.9 24.5 0.052 4 4 60.4 : 
: Inm-3 “ 56 | 0.100 56.0! 35.3 | 0.037 | 20.7 37 0 
; 3 “¢-5 “ 720.102! 73.4) 244/0.068) 49.0) 66.7 
ies in 64, 0.125 80.0 25.6 | 0.085 44 68.0 | 
» es 90 | 0.110 99 0 $4 ] 0 061 94.9 55.5 ; 
; j +. *, 130 0.110! 143.0. 61.1 0063) 81.9) 57.2 
3 ll “ -7 a.m 624 0.041 | 255.9) 131.1 | 0.020 1248 488 | 
Pi 7 a.m.- 7 a.m.. 1,293 0.077 | 995.3 | 450.2 0.042 | 545.1 54.8 
: 
; Breakfast: Force, milk, sugar, bread, butter, coffee.. 7.30 a.m 
; Lunch: Two eggs, bread, butter, orange ..1.30 p.m 


Dinner: Steak, potatoes, beans, bread, butter, coffee, 
milk, sugar, melons........... ee eee 
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TABLE IV 


Before 


Conclude d. 


Fer- 


[] 





After fermentation. 


3 
3 
i 
: 


<A ince 


Date Volume fermentation mented : Non- 
ferment- 
able 
per nt m ’ nt pe t 
July 4 
7 a.m.— 9 a.m.. 132 | 0.124 163.7 | 109.6 | 0.041 54.1 33.0 
9 : ia 128 0.066 84.5 35.9 | 0.088 48 6 57.5 
1] 1 p.m 95 | 0.061 58 .0 20.5 | 0.040 37.5 64.6 
1 p.m » = 60 | 0.100 60.0 19.2 | 0.068 10.8 68.0 
- * _ °° 76 | 0.107 81.3 24.3 | 0.075 57.0 70.0 
7) 7 64 | 0.107 68.5 21.1 | 0.074 17.4 69.2 
7 9 90 | 0.090 81.0 29.7 | 0.057 51.3 63.3 
9 11 80 | 0.316 252.8 | 185.6 | 0.084 67 .2 26.6 
1] 7 a.m 500 | 0.071 355.0 | 155.0 | 0.04 | 200.0} 56.3 é 
' ‘a.m 7 a.m.. ,225 | 0.098 ,204.8 | 600.9 | 0.049 603 .9 50.1 
Breakfast: Foree, milk, sugar, bread, butter, cheese, 
coffee , 7.30 a.m. 
Lunch: Two eggs, bread, butter, cheese, orange 1.30 p.m. 
Dinner: Lobster salad, cold meat, peas, radishes, bread 
butter, milk, sugar, coffee, ice-cream 8.00 “ 
July 5 
¢ a.m.— 9 a.m. 130 | 0.185 240.0 173.7 | 0.051 66.3 27.6 
9 ™ 1] we 132 | 0.067 885 37.0 0.039 01.5 58 .2 
11 1 p.m.. 84 | 0.077 65.1 19.7 | 0.054 45.4 69.7 
1 p.m aa 58 | 0.099 37.5 16.9 | 0.070 10.6 70.6 
a. ~ a = 60 | 0.143 85.8 25.2 | 0.101 60.6 70.6 
se * - 74 | 0.104 77.0 21.5 | 0.075 55.5 72.1 
- . a 100 | 0.211 211.0 | 161.0 | 0.050 | 50.0 23.7 
S “=r * . 64 | 0.126 81.3 48.7 0.051 32.6 40.1 
11 7 a.m.. 460 +} 0.053 243.8 | 105.8 | 0.030 | 138.0 56.6 
/ a.m.— 7 a.m.. 1,162 | 0.099 | 1,150.0 | 609.5 | 0.046 | 540.5 17.0 
Breakfast: Orange, peaches, krumbles, milk, sugar, 
bread, butter, coffee.... Pane 7.30 a.m. 
Lunch: Ham, bread, butter, pretzels....................1.30 p.m. 
Dinner: Fried mackerel, potatoes, lettuce, onions, 
bread, butter, coffee, milk, sugar, canned pears... le ‘ 
bi 
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The “tolerance” of human individuals for dextrose on an empty 
stomach is commonly placed at about 150 gm. Taylor and 
Hulton’ found practically no limit to the tolerance for orally 
administered dextrose in human subjects, but Myers has very 
justly criticized the conclusions of Taylor and Hulton, and found 
glycosuria following the ingestion of 75 gm. of dextrose in a normal 
subject. 

In Table V are presented results on KE. O. showing the 
urinary sugar elimination following sugar ingestion on an empty 
stomach. In each experiment the hours 6 to 8 a.m. serve as con- 
trol. The sugar was ingested in a measured volume of water at 
8 a.m. Breakfast was eaten at 10 o’clock. For the first four 
experiments the quantity of dextrose ingested was 20 gm., taken 
in 100 ce. of water. The same quantity of water (without dex- 
trose) was taken at 6 o’clock for the control period. The total 
sugar elimination for the 2 hours following the intake of the 20 
gm. of dextrose shows a questionable increase over the control 
period, for three out of the four experiments. For one of the 
four experiments (August 2) there is appreciably less sugar for the 
2 hours following the dextrose ingestion. In view of this fact, 
and in view of the fluctuations in quantity for the control periods, 
we should hardly conclude that E. O. shows any increased sugar 
elimination following an oral dose of 20 gm. of dextrose. Never- 
theless, an enspect on of the table for the ex perime ntal pe rzods shows 
that 20 qm. of de rtrose has an unmistakable effect upon the urenary 
sugar. This effect is apparent én the changed ratio between fermen- 
table and unfermentable sugar following the dextrose ingestion. 
For the four control periods the non-fermentable sugar averages 
64 per cent of the total sugar, while for the four periods fol- 
lowing the 20 gm. of dextrose ingestion the non-fermentable 
sugar averages only 38 per cent of the total. And this in spite 
of the fact, noted above, that the quantity of total sugar for the 
different periods is only slightly altered. The same general 
change (lowering of percentage of non-fermentable sugar) follows 
food ingestion in the various tables, but in these latter cases the 
total sugar is materially increased. In the present experiments 


2 Taylor, A. E., and Hulton, F., J. Biol. Chem., 1916, xxv, 173. 
1 Myers, Vv. Cc F Proc. Soc Exp. Brol. and Ved.., 1915 16, Xill, 178. 
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with 20 gm. of dextrose on an empty stomach we have reached a 
minimum of sugar which has a demonstrable effect in fk. O. This 
effect is not upon the quantity of sugar eliminated, but is upon the 
nature or condition of the sugar eliminated. That a change 
occurs within the organism related to this change in form of 
excretion seems a necessary assumption. Thus there is evidence 
that the sudden absorption of glucose into the blood stream may 
alter sugar metabolism quite aside from any glycosuria in the 
ordinary sense. The point is probably fundamental, and will be 
referred to subsequently. 

\lthough ke. O. shows no glycosuria in the ordinary sense fol- 
lowing the ingestion of 20 vin. of dextrose, an increase of this 
dose to 40 9m. IS followed by an unmistakable increase of total 
sugar in the urine, as shown for August 3 and 4 in Table V. Curi- 
ously enough, the increase in sugar elimination, following 40 gm. 
of dextrose, for each of these experiments is exactly 100 mg. 
The pereentage and absolute amount of unfermentable sugar fall 


sharply in each experiment following the ingestion of the 40 gm. 


of dextrose. On August 6, the dextrose ingested was increased to 
60 ¢m. The urinary sugar increases by about 400 mg. over the 


control period, and the percentage of unfermentable sugar in the 
urine falls from 57 to 5 per cent for the 2 hours following the sugai 
ingestion. The effect of the 60 gm. of dextrose is plainly apparent 
in the 24 hour urine, yet the percentage of sugar in this total urine 
IS Scarce ly higher than that on August 2, where the absolute sugar 
elimination was about 0.5 gm. less. This result serves to empha- 
size the inherent error in determining glycosuria through per- 
centage of sugar in the urine, or through a qualitative test of an 
individual sample. 

Before concluding this discussion of the effect of glucose in- 
gestion on an empty stomach it may be of interest to call attention 
to one further point of possible therapeutic application in con- 
nection with diabetes. This point will require further work to 
establish it, but the present results are at least suggestive. In the 
experiments recorded in Table V the breakfast eaten was not 
weighed, but it practically duplicated that eaten for earlier experi- 
inents as recorded in Table IV. Yet we note that in Table V, 
following the ingestion of the glucose on an empty stomach, the 


increase in the sugar of the urine which follows breakfast is not 
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E.O 


amounts of sugars ingested on an empty stomach. 
the control period in each experiment 


-Experiments to 


TABLE \. 


ns 


6 to 8 a.m. is taken 
Details of dextrose ingested 


subsequent diet are given following the figures for each day. 


) \ 
\ug 4) 
' I S a.m 
‘ 10 
10 12 
]2 2.1 
2p 6 ‘ 
8) 6 a.m 
5 m 6 a.m 


6 an drank 100 ce. \ 

S ea 100 ee. water 

Breakfast: Corn flakes 
coffee 

Y inch sre id, butter, 


Dinner 


bread, butter, 


Aug. 21] 
6 a.m S a.m 
S 10 
10 12 : 
hd On p.m 
~ }).M 2) 
H pH m 
6 a.m 6 a.m.. 


6 a.m., 100 ee. w: 
. ~ 100 * 


Breakfast: Corn flakes, 


cheese 


100 
110 
150 


oe 


140 


274 


906 


mil 


( ‘orned beef, Cc 


N, 


Aft 
Befor Fer 
enta nt 
0.079 79.0 22.0 | 0.057 
0.090 99 0 67.1 0.029 
0.093 139.5 76.5 | 0.042 
0.056 74.0 23.8 | 0.088 
0.125 175.0 56.0 0.085 
0.192 522.1 278.1 0.089 
0.12 1,088.6 | 523.5 | 0.062 
ater. 


20 gm. dextrose 


milk, sugar, bread, | 


cheese, dried beef 


ibbage, potatoes, sweet cori 


sugar, coffee, pe iches, cream. 


0.09] 67.3 22.9 | 0.06 
0.086 77.4 38.7 | 0.043 
0.142 90.9 37.8 | 0.083 
0.116 85.8 36.2 | 0.067 
0.115 161.0 67 0 067 
0.116 536.0; 305.0 0.05 
0.113 1,018.4) 507.8 | 0.056 
20 gm. dextrose. 

milk, sugar, bread, butter, 


Lunch: Bread, butter, corned beef, cheese 


Dinner: Beef stew, lima beans, 


potatoes, corn bread, 


butter, milk, sugar, tea, ME Chins stbadeodsaeexs 


57.0 72 
31.9 32 
63.0 5 
50.2 67 
119.0 6S 
244 0) t 
565 ] 51 
10.00 

> OO pn. 
7.20 

14 j Ob 
By 7 50 
a3) ] 5S 
19 6 vf 
93.8 58 
231.0 13 
510.6 yf) 


10.00 a.m. 


2.00 p.m. 


jiaoe.|U" 


99 
Oo 
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TABLE V—Continued. 


After fermentation. 








os _ Before Fer- . _ 
: Volume fermentation mented Non- 
ferment- 
able 
mag per cent mg per cent 
Aug. 22 
6 a.m.— 8 a.m.. 86 | 0.068 58.5} 20.7 | 0.044 37.8 64.7 
7a *. 88 | 0.072, 63.4) 38.8 0.028; 246) 38.8 
oe “*-19“. 82 0.133 109.1) 68.1'0.05 | 41.0! 37.6 
12 noon— 2 p.m 100 | 0.077 77.0 39.0 | 0.088 38 .0 49.4 
2pm-6 * . 138 | 0.117 162.0' 65.4) 0.070 | 96.6! 59.6 
6 “* =€om.. 446 | 0.117 522.0] 263.3 | 0.058 | 258.7 49.5 
6 a.m.— 6 a.m.. 940 | 0.1056; 992.0) 495.3 | 0.053 | 496.7 50.1 : 
6 a.m., 100 ce. water. i 
5 5 * 100 * = + 20 gm. dextrose. 
Breakfast: Corn flakes, milk, sugar, bread, butter, 
egg, cheese pe ee ae 10.00 a.m. 
Lunch: Bread, butter, ham, cheese . 2.00 p.m. 
Dinner: Steak, peas, potatoes, tomatoes, bread, 
butter, milk, coffee, sugar, apple pie iene ™ ; 
Aug. 2 
6 a.m.— 8 a.m.. 70 | 0.109 76.3 32.9 | 0.062 43.4 57.0 
5s ~ -o ”*. 48 | 0.128 61.5 40.9 0.043 20.6 33.5 
ie ie 96 | 0.102 97.9, 54.7 | 0.045 43.2 44.1 
12 noon- 2 p.m 110 | 0.076 83.6 38.5 | 0.041 45.1 54.0 E 
2pm-6 “. 162 0.115 | 186.3) 71.3 0.071 | 115.0} 61.7 f 
6 “ —~6a.m.. 305! 0.171 | 521.6) 204.5 0.104 317.1) 60.8 ; 
6 a.m. 6 a.m.. 791 | 0.130 | 1,027.2 442.8 | 0.074 | 584.4 | 56.9 ; 
Fe 
6 a.m., 100 ec. water. é 
5 * . + 20 gm. dextrose. 
Breakfast: Corn flakes, milk, sugar, two eggs, bread, 
butter, coffee, orange eee ee ee ee ee oececcde Ge OM. 
Lunch: Bread, butter, cheese, meat wurst............. 2.00 p.m. 
Dinner: Hamburger steak, potatoes, beets, lettuce, 
lima beans, bread, butter, coffee, milk, sugar, ice- 
CORAM, DERONNG, GOONIES 6 io 655 0 6ceccctceeeeder cee 6.00 “ 


4 vem 





' 
: 
: 
' 
{ 








ETRE TTI 


iridiw Sd Da BEE, OL 














Benedict, Otserberg, and Neuwirth 


TABLE V—Continued. 


After fermentation 


ene Volume eh wae 
sae ” I 
Aug. 3 

6 a.m.—- S a.m 60 0.112 67.2 24.0 | 0.077 
7 ee” 16 0.365 167.9 126.5 | 0.090 
>. * 29 “ 90 | 0.125 112.5 56.7 0.062 
12 noon— 2 p.m 85 | 0.075 63.8; 22.1 | 0.049 
spm-s “ 122 | 0.136 165.9 98 2 | 0.055 
6é “ .€am 550 | 0.092 506.1; 330.1 0.032 
6 a.m.~ 6 a.m 953 | 0.114 | 1,083.4! 657.6 | 0.045 


6 a.m., 100 ec. water 

_ i 100 * e + 40 gm. dextrose 

Breakfast: Orange, corn flakes, milk, sugar. coffee, 
one egg, bread, butter 

Lunch: Bread, butter, ham ae 

Dinner: Lamb stew, potatoes, onions, lettuce, bread 


butter, milk, sugar, tea, cake 


Aug. 4 
6 a.m.~ 8 a.m.. 110 0.083 91.3 51.7 | 0.036 
. "sae - 68 0.282 191.8) 163.2 | 0.042 
ww“ «i ™* . 88 | 0.111 97.7) 59.9 0.043 
12 noon— 2 p.m 102. 0.067 68.4!) 39.8 | 0.028 
2p.m-6 “* . 148 0.104 154.0 75.5 | 0.053 
6 ws 6 a.m.. 610 . 0.087 530.0 280.0 0.041 
6 a.m.~ 6 a.m 1,126 0.100 1,133.2) 670.1 | 0.041 


6 a.m., 150 ec. water. 

: * = * 10 gm. dextrose. 

Breakfast: Orange, corn flakes, milk, sugar, one 
eee, bread, butter, coffec............ccccccceccvess 

Lunch: Bread, butter, cheese, meat wurst. ' 

Dinner: Boiled ham, creamed potatoes, beets, maca- 
roni. bread. butter. milk, sugar, tea, cake........... 


Nor 


ferr 


is .Z 64: 


11.4 24 


35 


‘ 
55.8 19 6 
7 65.4 
67.7 40.8 
176.0 34 8 
25.8 19.3 
10.00 a.m 
2.00 p.m. 
.—e. 
39.6 13.4 
28 6 14.9 
37.8 38.7 
28.6 oS 
78.5 51.0 
250.0 17 .2 


463.1 40 .¢ 


10.00 a.m. 
2.00 p.m. 


a nee 
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ine sugar ingested on an empt 
d as control 
un 76 | 0.10 76.0 
118 | 0.07 82.6 
106 | 0.107 113.4 
m 124 0.063 78.1 
122 | 0.138 168.4 
n 820) —- 0.063 516.6 
i.m 1.366 0.076 | 1,035.1 
LOO ee. water. 
100 ** o 20 gm. cane 


butter, cofi 


180 
116 
126 
110 

SO 
105 
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Sreakfast: Corn flakes, 
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Dinner: Hamburger steak, potatoes, 


bread, butter, milk, sugar, tea, 
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— 
rABLE V—Concluded. 


After fermentation 


Before Fer- 


Date Volume fermentation mented Non- 
erment- 
able 

g mg per cert mg per cent 

Aug. 24 

6 a.m.- 8 a.m 120 | 0.062 74.4 22.8 | 0.043 51.6 69.3 
Bs “—p “ 106 0.077 81.6 41.3 0.038 10.3 49.4 
- “aoa 115 O.OS8S 101.2 62.1 0.034 39.1 8 7 
12 noon- 2 p.m 144 0.075 108.0 60.5 0.033 47.5 44.0 
2p.m-6 “ 294 0.082 183.7 | 103.1 | 0.036 80.6 43.9 
g -* 5 acm 610 | 0.077 469 6) 256.1 | 0.085 | 213.5 45.5 
5a.m-6 “ 56 0.081 45.3 20.1 | 0.045 25.2 55.6 
6 a.m.- 6 a.m 1.375 0.077 | 1,063.8 | 566.0 | 0.036 | 497.8 16.8 

6 a.m., 100 ce. water. 

- 100 * = + YO gm. cane sugar. 

sreakfast: Corn flakes, milk, sugar 10.00 a.m. 

Lunch: Two slices of bread, butter, milk, salmon, meat 

wurst. 2.00 p.m. 


Dinner: Beef steak, potatoes, onions, lettuce, bread, 
butter, milk, sugar, coffee, ice-cream, cookies, 


watermelon....... : 6.30 


nearly so great as where (as in Table IV) the preliminary glucose 
was not taken. ‘To just what this difference is due will have to be 
determined by subsequent work, where the breakfasts are weighed, 
and where the muscular activity is noted. Nevertheless, a view 
which suggests itself is that preliminary ingestion of pure dextrose 
may act as a stimulant for internal pancreatic function, so that 
assimilation of sugar is better fcllowing the subsequent meal 
Table V concludes with two experiments on the ingestion of 20 
gm. of cane sugar on an empty stomach. There is a slight in- 
crease apparentin the total sugar output, but further experiments 
would be necessary to eliminate these increases from the possi- 
bility of natural fluctuations. As in the case of the 20 gm. of 
glucose, there is a definite fall in the percentage of unfermentable 
sugar, but this fall is not nearly so marked as in the experiments 
with a similar quantity of dextrose. Subsequent experiments 


+ 


show that cane sugar is not so effective in disturbing carbohyd ate 


as 
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metabolism, especially during digestion, as is dextrose (see Table 
VI). 

Table VI records experiments with E. O. in which 20 gm. 
of dextrose are added to a weighed breakfast. One day is used as 
control in each experiment, and in interpreting the effect of the 
added sugar (taken with breakfast at 7 a.m.) comparison should be 
made with the same hours of the day preceding. In the discussion 
of Table V it was noted that 20 gm. of glucose taken by E. O. 
on an empty stomach caused no appreciable increase in the total 
sugar eliminated, but did cause a marked fall in absolute amount 
and percentage of non-fermentable sugar. Table VI shows that 
addition of 20 gm. of dextrose to a weighed breakfast causes a very 
marked increase in the total sugar eliminated and a sharp drop in 
the percentage of non-fermentable sugar. Thus the control days 
show that the weighed breakfast alone was followed in the next 
2 hours by an elimination of 115 to 127 mg. of total sugar, about 
50 per cent of which was non-fermentable. When 20 gm. of dex- 
trose was added to this same breakfast the total sugar elimination 
for the following 2 hours reached 375 to 400 mg., of which only 
7 to 13 per cent was unfermentable. The weighed breakfast 
contained some sugar (cane sugar and lactose) and it might be 
objected that the strikingly greater effect of the glucose added to 
breakfast than when taken on an empty stomach was due to the 
presence of this additional sugar in the diet. That this is not so 
is shown by the experiments recorded in Table VII, where the 
same weighed breakfast used in the dextrose experiments was 
employed, but where 20 gm. of cane sugar were added. The 
cane sugar causes no increase in one of the two experiments and a 
questionable increase in the other. The percentage of unfer- 
mentable sugar in the urine falls following the cane sugar ingestion, 
irrespective of any change in the total sugar. 

The very high sugar elimination reached as a result of addition 
of 20 gm. of dextrose to a meal (breakfast) as recorded in Table 
VI appears to lend considerable support to the view held by several 
students of diabetes that the internal function of the pancreas 
may suffer while the gland is active during digestion. Unless 
some such view is taken it is difficult to understand why, as in our 
experiments, dextrose added to a meal is more poorly tolerated 
than when taken on an empty stomach. 
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; TABLE VI 
; E. O.—Experiments to test the effect on the urinary sugar output of 


Date 


5 a.m.— 5 








20 gm. of dextrose 


\ 


5 a.m.- 7 a.m 
a: a 

9 -l1 
 * 1 p.m 
ipm-3 “ 
a 5 

oer 7 

7" = ” 
> " —<. * 
ys 5 a.m.. 


a.m... 


Aug. 26 
5 a.m.— 7 a.m.. 
7: " =% 
9 -11 
11 1 p.m 
Ilpm-3 “ 
3 ) 
5 4 
7 9 
= ai 
ll “ — 5 a.m. 
5 a.m.- 5 a.m.. 
Breakfast: 


Same 


added to a weighed breakfast. 


, Before Fer- 
— fermentation mented 
per cent J n 
100 | 0.081 81.0 32.0 
92 | 0.1388 127.0 57.0 
114 | 0.080 91.2) 37.6 
92 0.069 63.5 y= 
66 | 0.143 94.4) 55.4 
80 0.110 88.0 47.2 
68 | 0.129 87.7| 39.4 
66 | 0.178 117.5; 60.1 
64 | 0.123 78.7| 32.6 
452 0.058 262.1) 108.4 
1,194 | 0.091 | 1,091.1) 491.8 


70 | 0.096 
62 0.65 
112 0.089 
80 0.075 
SO | 0.133 
78 | 0.092 
S6 0.10 
70 | 0.155 
72 | 0.145 
420 | 0.073 
1,130 | 0.125 


as Aug. 25 


Breakfast: 100 gm. oranges, 25 gm. corn flakes, 


67.2| 22.4 
403.0| 373.8 
99.7 53.8 
60.0 24.8 
106.4 51.2 
71.8 25.0 
86.0 31 
108.5 58.1 
104.4 44.6 
306.5 25.9 
1,413.5) 811.4 


20 gm. dextrose 


Lunch: Bread, butter, egg, cheese, milk 


0 
0 


0 


30 gm. 


After fermentation 


049 
076 
047 
045 
059 
051 
071 
087 
072 


034 


050 


sugar, 40 gm. bread, 15 gm. butter, 150 gm. milk.. 
Lunch: Bread, butter, milk, meat wurst, smoked ham.. 
Dinner: Corned beef, baked beans, potatoes, lettuce, 

bread, butter, milk, sugar, coffee, cake.. 


).064 


047 
041 
044 
069 
06 

063 
072 
083 
043 


053 


Dinner: Veal roast, potatoes, carrots, olives, turnips, 


peas, bread, butter, milk, sugar, coffee, apple cake. 


Non- 
ferment- 
able 

per cent 
49.0 60.5 
70.0 55.1 
53.6 58.8 
41.4 65.2 
39.0 42.3 
40.8 46.4 
48.3 55.0 
57.4 49.0 
46.1 58.5 
153.7 58.6 
599.3 55.0 
7.10 a.m. 
1.15 p.m. 
7.20 
44.8 66.7 
29.2 7.2 
45.9 46.1 
35.2 58.7 
55.2 51.9 
46 8 65.2 
54.2 63.0 
50.4 16.4 
59.8 57.3 » 
180.6 59.0 
602.1 2.6 


7.00 a.m. 
1.00 p.m. 


7.14 
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rABLE ViI—Concluded 
After fe entatic 
Date Volume I no on a Non- 
Seehint 
able 
Aug. 27 
5 a.m.- 7 a.m 140 0.046 64.4 25.2 | 0.028 39 2 60.9 
- == * 120 | 0.097 116.4} 55.2) 0.051 61.2 52.6 : 
, ~*~ i “ 120 0.054 64.8 25.2 | 0.033 39.6 61.1 ? 
11 “ —~1p.m.. 74 | 0.077 57.0! 21.51 0.048| 35.5! 62.3 : 
lpm-3 “ 60 0.135 81.0 48.0 | 0.055 33.0 10 8 
- «+ 2 « 58 | 0.125 72.5 37.7 | 0.06 34.8 is 0 
~ - me 70 | 0.108 75.6} 32.2 |} 0.062 3.4 57 .4 
7 9 * 100 | 0.106 106.0 49.0 0.057 57.0 53.8 
S ga. * 96 0.098 94] 13.2 | 0.053 50.9 O40] 
| 2 a.m 340, 0.101 343.4 1389.4 0.06 204.0 59.4 
5 a.m.~ 5 a.m 1,178 | 0.091 | 1,075.2! 476.6 | 0.051 | 598.6 55.7 
' 
sreakfast: Same as Aug. 25 7.00 a.m 
Lunch: Butter, milk, meat, cheese 1.00 p.m 
Dinner: Roast pork, potatoes, peas, lima beans, j 
pickles, bread, butter, milk, sugar, coffee, banana | 
pudding 7.15 3 
. a 
oe 
Aug. 28 : 
5 a.m 7 a.m 64 0.102 65.3 21.2 0.069 14 ] 67.5 3 
7 - _ * 70 | 0.5385 374.5 | 324.1 0.072 o0.4 13.5 s 
, “ =—eE 120) 0.071 85.2 10.8 | 0.037 14 4 92.1 H 
: ie 1 p.m 76> 0.079 60.0 293.5 0.048 36.5 60.8 ? 
Ipm-3 “ 54 0.146 78.9| 42.7) 0.067! 36.2) 45.9 : 
- = 70 | 0.142 99 4 39.2 0.086 60.2 60.5 f 
66 7 4 80 0.103 82.4; 31.2 | 0.064 91.2 62.1 
7 5 * 76) 0.165 125.4 12.2 | 0.07 93.2 12.4 
9 “-]l] “ 84 0.110 92 4 144.5 0.057 17.9 31.8 
i) i 5 a.m 378 | 0.084 317.5; 136.1 | 0.048 | 181.4 D7 I : 
5 a.m.- 5 a.m 1,072 | 0.128 | 1,381.0; 775.5 | 0.056 | 605.5 43.8 / 
Breakfast: Same as Aug. 25 + 20 gm. dextrose 7.00 a.m : 
Lunch: Bread, butter, milk, ham, cheese 1.30 p.m. ; 
Dinner: Cooked salmon, potatoes, salad, cucumbers, : 
bread, butter coffee, milk, sugar, peach jelly, ‘ 
Ss ane nk ants ta anid amc eee caees .. 7.00 4 
: 
é 
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E. O- 


a weighed breakfast. 


I 


5 a.m.- 


Breakfast: Same 
Lunch: Bread, 
Dinr 


crackers, 


Ay 


5 a.m. 


5 a.m.- 


Breakfast: Same 
Lunch: Bread, butter, 
cutlets, 
butter, 


Dinner: 
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Experiment to test the effect of 20 gm. of cane sugar ingested with 


late 


5 a.m.. 


5 a.m.. 


The first day is used as a contro 


Volume 


78 
126 
150 
94 
70 
80 
95 
SO 
90 
248 


111 


ier: Hamburger 


tomatoes, 


30 


i” 
ip. 
‘ 


a.m 


09 a.m... 


5 a.m.. 


bread, 


THE JOURNAL 


Veal 


OF 


bread, 


cheese 


94 
112 
136 
104 
S4 
80 
92 
86 
100 
442 


1,330 


BIOLOGICAL 


TABLE Vil 


Before 
fermentation 


0.105 
0.10 

0.058 
0.067 
0.112 
0.092 
0.079 
0.136 
0.098 
0.10 


0.092 


as Aug. 25 
butter, cheese, 


steak, 


butter, 


0.073 
0.103 
0.048 
0.057 
0.108 
0.079 
0.076 
0.173 
0.098 
0.062 


0.792 


as Aug. 25 
milk, 
potatoes, 


milk, sugar, 


CHEMISTRY, 


VOL. 


108.8 
88:2 


248 0 
1,029.9 
milk 


onions, 
milk, 


68.6 


90.7 
63.2 


69.9 


148.7 


98.0 


274.0 
1,053.1 


20 gm. cane sugar. 


cold meat, cheese 


tea, 


lettuce, 
pears, ice-cream, 


XXXIV, 


in each experiment. 


ermentation 


er! 
ible 
mS bo 
en 5 59 
5 50 
42.3 67 
13.4 0) 
13.2 os 
14.7 9 
1.2 17 
0.4 57 
151.3 61 
589.3 57 


1.15 p.m 
7.00 

$2.35 58 
B.7 37 
36.7 6 
a7 63 
55.3 os 


54 
50.0 51 
176.8 64.; 


506 . 2 o2 


7.10 a.m. 
1.00 p.m 
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rABLE VilI—Concluded : 
{ 
Aug. 31 
5 a.m 7 a.m 86 0.078 67.1 27.5 0.046 39.6 59.0 f 
, Pi & 92 | 0.120 110.0 59.4' 0.055 | 50.6 16.0 ; 
S * 15“ 138 0.066 91.1 51.1) 0.029 | 40.0 14 0 j 
ll “ ~1lp.m 96 0.06 57.6 21.1/ 0.038 | 36.5 | 63.4 : 
p.m-3 “ 60 0.148 85 8 57.6 | 0.047 | 28.2| 32.9 Fi 
3 5 720.115 82.8 36.0 0.065 16.8! 56.5 Fi 
SF eZ SO | 0.072 57.6 21.6 0.045 36.0 62.5 ; 
7, Sag 78 | 0.123 96.0 18.4 0.061 17 6 19.6 . 
. > . ™ 86 | 0.089 76.5 30.1 0.054 16.4 60.6 
Wo “ ~5a.m 294 0.124 31.4 149.9 0.073 214.6) 58.9 
Dd a.m 5 a.m 1.082 0.100. 1,089.0 502.7 0.054 | 586.3 53.8 
Breakfast: Same as Aug. 25 7.10 a.m 
J ° - 
Lunch: Bread, butter, milk, salmon, cheese. . 1.15 p.m 
Dinner: Boiled haddock, potatoes, olives, cucumbers, 
bread, butter, milk, sugar, coffee, cake 7.30 
' 
Sept ] 
o a.m 7 a.m 90 0 092 $2.8 33.3} 0.055 19.5 59.8 
7; © 5 * 64 0.214 37.0 96.0 0.064 11 0 30.0 
> 2a) 125 0.084 105.0 53.7 | 0.041 51.3 18.9 3 
re 1 p.m 80 0.078 62.4 21.6 0.051 10.8 65.4 = 
Ipm-3 “ 93 0.078 72.6 33.5! 0.042 39.1 53.9 4 
Ss = 76 | 0.075 57.0 22 0. 0.046 35.0 61.4 % 
Oe ; * 86 0.066 56.8 18.1 0.045 $38.7 68.1 / 
7 6 g « 80 0.148 118 4 61.6 0.071 D6.8 18.0 { 
% 
3] 7 ll - 90 0 092 R? 35.1: 0.0538 a @ 57.6 = 
1] - 5 a.m 500 «0.045 225 .0 90.0 0.027 135.0 60.0 3 
5 a.m.~ 5 a.m 1,284 | 0.077 999.8 164.9 0.041 534.9 3.5 
Breakfast: Same as Aug. 25 + 20 gem. cane sugar 7.00 a.m 
Lunch: Bread, butter, milk, ham, cheese 1.00 p.n 
Dinner: Corned beef, cabbage, baked beans pot itoes, 
bread, butter, milk, sugar, coffee 7.00 “* 
The point is further emphasized in Table VIII. In the experi- 
ment there recorded the subject was on an accurately weighed 
diet (nearly free from sugar) for 3 days, and the sugar elimination 
observed. During the 2 following days the same diet was con- 
tinued, but 25 gm. of dextrose was added to each meal. The 
effect of even this small quantity ol dextrose taken with each meal 
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Benedict, 


each meal (weighed diet 


Corn flakes 


ead 


110 
110 


565 


1.085 


SU 
LOO 
500 


980 


50 gm 


sugar, 10 gn 


7 a.m ‘pn 
7 p.m 9 an 
7 an 7 a.m 
July 24 
7 a t 7 Ih 
7 é p.m 
7 p.m » a.m 
5 a.m.-— 5 a.m 
July 23 
5 a.m 7 a.m 
7 é p.m 
7p m ) Ith 
7) y mn 
July 23, 24, 25 
Breakfast: 
one egg 
Lunch: Crackers 
100 gin 
Dinner: Bi 
10 gm 
Julv 26 
> a.m 7 a.m 
7 ‘p.m 
7 p.m 5 a.m 
> a.m ) mn 


Osterberg, and Neuwirth 


The first 3 days serve 


I re ber 

rmentat ci ed 
0.095 165.4 274.3 
0.056 445.2 262 .4 
0.071 910.6 536.7 
0.069 79.9 26.4 
0.111 155.1 254.1 
0.071 19] 2 164.0 
0.086 932.2 144.5 
0.084 67.2 17.6 
0.125 500.0 272.0 
0.079 395.0 195.0 
0.098 962 2 1S4.6 


10 gm., milk, 480 gm 


60 gm., milk, 487 gm., orange 


butter, 20 gm., meat 
l two eggs. cup of cotter 
0.109 63.2 22.0 


0.318 | 1,796.0 | 1,643.5 
0.111 194.0 396.1 


0.220 | 2,353.2 | 2,062.2 


extrose with each meal 
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029 
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049 
042 
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049 


0.07 


0.027 
0.022 


0.027 


182.8 
7 >.Y 

19.5 
201.0 
997 9 
awti = 
187.7 
19 6 
228 () 
200 0 


177 .6 


10.6 


152.5 
97 .9 
291.0 
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TABLE Vill—Conecluded 


Aft erment 
D \ I F< 
r tatic mented Nor 

July 27 
> a.m {az 78 | 0.077 60.1 38.3) 0.028 91.8 36.3 
‘| 7 p.m 135 | 0.300 | 1,305.0) 1,161.4) 0.033 | 148.6 11.0 
7 p.m ) m 1,350 > 0.061 823 .4 647.9 | 0.0138 175.5 = 
5 a.m.- 5 a.m 1,863 | 0.117 | 2,188.5 1,847.6! 0.018 | 340.9 15.6 

Same diet 25 gm. dextrose with each meal. 


is truly remarkable. The carbohydrate metabolism is profoundly 
disturbed, as illustrated by an elimination of total sugar for the 
experimental days which is more than twice as great as on the 
control days. Furthermore the non-fermentable sugar decreases 
in absolute amount, and falls from a percentage of 40 to 50 on the 
control days to an average of 12 and 15 per cent for the experi- 
mental days. 

Several of the results recorded for FE. O. might lead the reader to 
conclude that he is a diabetic of at least a mild type. In reply 
to such an interpretation it should be pointed out that the method 
of study we have employed is essentially new, and the results 
render necessary a reconsideration of past conclusions concerning 
earbohydrate “tolerance.” EE. O. has been examined for years 
before, and for many months after these experiments with no 
indication, by ordinary qualitative methods, of a low carbohydrate 
tolerance. 

Tables IX to XIV present the results of investigations on the 
urinary sugar output of a second subject, I. N. The experiments 
were planned along the same lines as those reported for E.O. For 
this reason the tables will not require such detailed comment as 
was necessary in calling attention to the results obtained for E. O. 

Tables IX, X, and XI present the urinary sugar findings for 
I. N. upon ordinary, carbohydrate-poor, and carbohydrate-rich 
diets. The effects of these diets parallel quite closely the sim- 
ilar experiments with E. O. On the ordinary diet I. N. elimin- 


ates between 608 and 697 mg. of total sugar per day for the 3 
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2 unweighed) mixed diet 
| Da Vol 
; 
4 
; Julv 5 
7 a.m.—- 9 a.m 116 O 
9 11 116 | O 
1] 1 p.m 150 O 
I p.m.- 3 84 | 0 
ie 5) 76 O 
5) i . 64 0 
7 9 64.0 
9 ~lI 69 | O 
ie 7 a.m.. 345 0 
7 a.m.— 7 a.m.. 1,084 0 
Breakfast: Roll, egg, m 
Lunch: Two rolls, Swiss 
Supper: Bread, salmon, 
milk 
July 6 
7 a.m.- 9 a.m.. 140 (O 
sg 9 -l1 “ 72/0 
2 11 1 p.m 85 | 0 
4 lpm-3 “ 70 0 
: . 5 60 0 
7) 7 SO O 
7 9 oS O 
a] 1] es) 0 
1] 7 a.m 345 (OO 
; 7 a.m.- 7 a.m 1001  O 
sreakfast: Roll, egg, 
; meat, cooked cherries 
? 


I, N 


Lunch: Two rolls, chicken liver, orange, apple, peach.. 


Senedict, Osterberg, and Neuwirth 


ilk, 


butter, onions, 


TABLE IX. 


} re Fe 
tat I nen 

036 41.7 22 
046 53.6 26 
025 38.4 15 
070 91 30 
103 78.4 $ 
O78 0.3 17 
113 72.3 10 
110 75.9 35 
041 142.9 19 
056 612.6 | 272 


butter 


028 40.5 18 
065 47.4 20 
046 39.3 } 
O86 60.3 27 
126 79.6 IH 
O64 55.2 19 
141 95.9 58 
27 95.4 17 
054 188.0 76 
069 697 .6 31S 


milk, butter 


Fermentable and non-fermentable sugar in 


0 


cheese, butter, orange, 


milk, 


I 
] 


—? 


0.016 
023 
O15 


apricot 
malted 


0.016 
0.037 
0.030 
0.046 
0.065 
0.041 
0.055 
0.063 


0.032 


0.037 


Supper: Ice-cream, wheat bread, fish, chicken, balled 


urine 


) 


— 


on 


Nor 
18.9 15 
97.0 50 
i 60 
28 .3 47 
14.4 56 
32.6 64 
32.3 14 
10.8 53 
93.2 65 

340 6 55 
S OO a.m 


1.00 p.m 


/.10 
22 4 55 
27.3 57 
25 7 65 
52.4 53 
9] l 
5) 4 64 
7D 39 
17 a) 50 
111.8 59 
379.1 a4 
S.00 a.m. 


1.00 p.m. 


ordinar\ 


5 











After fermentation 


pat Vo * tutior Ll Non- 
ferment- 
able 
t er cent 
July 9 
7a.m.- 9 a.m 86. 0.048 $1.8 IS.9 | 0.026 22.9 54.7 
q = ll si 70 0.070 19 2 ef 0.037 "26.5 53.9 
(i 1 p.m 90 | 0.047 12.5 17.6 | 0.027 24.9 58.7 
Ipm-3 “ 74 | 0.074 do .4 25.4 | 0.040 30.0 54.1 
= = = 64. 0.109 69.8 30.4 | 0.061 39 4 56.5 
5 A 7 ; 106) 0.046 19.5 18.1 0.029 21.4 63.4 
7 Le 96 | 0.066 64.0 35.9 | 0.029 3 13.9 
» 11 = 70) 0.096 67.4 29 § | 0.053 37.6 5.7 
11 os 7 a.m 300 | 0 056 16S 6 52.7 10.038 115.9 68.2 
7 a.m 7a.m 956 | 0.068 608.2 | 251.5 | 0.037 | 356.7 58.6 
Breakfast: Egg, roll, milk, butter 8.05 a.m. 
Lunch Iwo rolls, minster cheese butter, orange, 
peach, tomato , 1.15 p.m. 
Supper: Bread, cream cheese, onions, milk, malted 
milk : 7.20 


days reported, as against about 1 gm. for EK. O. The non-fer- 
mentable sugar makes up from 54 to 58 per cent of the total sugar 
on this diet. The sugar increase following food ingestion is to be 
noted as in the case of EK. O., but the rise is not so prompt nor so 
marked. Throughout all the tables for I. N. it will be seen that 
his sugar tolerance is markedly greater than that of E.O. It 
should be noted in this connection that I. N. is young, muscular, 
and a light eater. 

On a high protein diet (Table X) I. N. shows the marked drop 
in total sugar elimination noted for the preceding subject. This 
drop is not apparent until after the first day. The non-ferment- 
able sugar also drops, but not so much as does the fermentable, so 
that the percentage of the non-fermentable sugar is appreciably 
higher on the carbohydrate-poor diet. 

On the high carbohydrate diet (Table XI) I. N. shows a rise in 
both fermentable and unfermentable sugar. The total sugar 
excretion reaches 1.5 gm. on this diet. The immediate effect of 
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-Fermentable and non-fermentable sugar in 


poor high protein diet. Urine collected in 12 hour periods 7 
Details of diet for the various days 


to ¢/ a.m 


June 28 


Day 
Night 


June 29 


Day 
Night 


June 30 


Day 
Night 


July 1 


Day 
Night 


July 2 


Day 
Night 


July 3 


Day 
Night 


July 4 


Day 
Night 


Date 


580 


520 


1,100 


540 
590 


1,130 


510 
180 


QO) 


S10 


130 


1,240 


O90 
130 


1,120 


130 
490 


920 


385 


380 


7 a) 


0.049 
0.082 


0.065 


0 044 
0.048 


0.042 


0.047 
0.055 


0.051 


0.052 
0.054 


0.040 


0.036 
0.059 


0.045 


0.060 
0.051 


0.056 


0 059 
0.059 


0.059 


287 


$29 


716 


929 


283 .: 


599 


240 


266 


507 


228 


226. § 


$55.: 


l 


—~ 


121] 


210 


155 


205 


QO 


105 


‘4 


47 


>= 


«J 


are give nin 


) 


~” 


] 


0.028 


0 042 


0.035 


0.033 
0.031 


0.0382 


0.030 


0 O39 


0.034 


0.022 
0.041 


0.029 


0.020 


0.038 


0.027 


0.039 
0.030 


0.034 


0.039 
0.047 


0.043 


4.m 


184 


l 55 


LSS 


183 


1SO 


0d5 


137 


165 


302 


168 


148 


316 


150 


179 .; 


ye 
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47 


urine on cart ohydrate- 
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the table 
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Date } 

June 28 
Breakfast 
Lunch 
Supper.. 

June 29 
Breakfast 
iLunch 


Supper.. 


June 30 
Breakfast 


Lunch 
Supper. 


July 1 
Breakfast 


Lunch 
Supper 


July 2 
Breakfast 
Lunch 
Supper 
July 3 


Breakfast 
Lunch.. 


Suppe r 


Breakfast 
Lunch. 


Supper.. 


Bread unless otherwise sta 


Milk, 


signifies 4 pint. 


Carbohydrate Metabolism. II 


j 


ided. 


TABLE X—Conel 


Diet. 


Two eggs, milk,one-half roll, butter 

One-half roll, corned beef, mustard, 
orange. 

Bread 


one-half slice), corned beef, 


cucumbers. 
One-half roll, butter, two eggs, milk 
Chicken liver, one-half roll, one- 

half orange 
Milk (7 p.m 
white bread 


, fish, chicken, boiled 


meat, one-half slic 


Bread (one-half slice), butter, milk 
two eggs. 
Bread (one-half slice chicken, 


stuffed neck. 
White bread(one-half slice 


fish. 
One-half roll, butter, milk, two 
eggs. 

White bread (one-half slice steak. 
Bread (one-half slice), three frank- 


furters, mustard. 


two eggs, butter, milk 


One-half roll 
éé corned beef, mustard 


one-half slice), breast beef 


Bread 


One-half roll, butter, two eggs, milk 


mustard 


rolled be Cr, 


1 it Be +] ‘ 
one-hall slice cutiets 


Bread 


One-half roll, butter, two eggs, milk 
v corned beef, mustard 
Hamburger steak (four), peas.. 


ted signifies, rye bread 


chicken, 


8.10 a.m. 
12.30 p.m 
7.05 

S00 a.m 
12.00 p.m 
8 00 

8.00 a.m. 
12.05 p.m. 
7.00 

8.15 a.m. 
12.50 p.m. 
7.05 

8.10 a.m 
12.25 p.m 
7.05 

S10 m. 
12.10 p.m. 
4.05 

8.05 a.m. 
12.10 p.m. 
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TABLE XI 
I. N.—Fermentable and non-fermentable sugar in urine on carbo! 
drate-rich diet. 
Aft rmenta tio 
— Before Fer 
fermentation mented No 
at 
r , mg r cent er 
July 23 
7 a.m.— 9 a.m 0.047 55.6) 35.4 | 0.017 20.2 
9 “ 4] 0.113 65.6 32.2 | 0.057 33.4 50 
11 ~ 1 p.m 0.064 51.9] 22.2 | 0.036 29.7 
l p.m 3 0.125 65.0 29.3 0.068 35.7 
3 § 5 0.211 105.5; 40.5) 0.130) 65.0) 61 
5S 7 0.165 102.3; 39 0.102 63.2 61 
7 ae 0.176 898 39.9 | 0.097 19.9 55 
9 “ -11.30 p.m 0.052 105.6 66.4 | 0.019 39.2 
11.30 p.m.-7 a.m 0.035 205.9 120 0.014 85.8 1]. 


7 a.m.- 7 a.m.. 


Breakfast: Two rolls, butter, cantaloupe, milk, 
Lunch: Two rolls, cake, ice-cream, orange, peac 


Supper: Potatoes, cream, bread, butter, milk, ice 


July 25 


7 a.m.— 9 a.m.. 


9 “* -]I ' 
ll “ —~Il p.m 
Ilpm-3 “ 
7 . 9 

9 1! 

1] 7 a.m 


7 a.m.- 7 a.m.. 


Breakfast: Cantaloupe, sugar, milk, krumbles, one and 


0.067 


0.062 
0.200 
0.128 
0.104 
0.224 
0.19] 
0.190 
0.208 
0.057 


0.109 


one-half rolls, butter 


847.2; 425.1 


59.6 24 
86.0 31 
90.9 ao.4 
81.1 36.4 


138.8 18 .; 


158 5 51 
118.0 19 
135.2 1-4 


288.0| 124 


,156.1) 447.: 


sugar. 


h. 


-cream. 


0.036 
0.126 
0.077 
0.056 
0.146 
0.129 
0.110 
0.140 
0.032 


0.066 


Lunch: Tworolls, butter, apple, orange, peach, plum, 
py I I 


tomato, ice-cream, strudel 
Supper: Bread, 
butter, cream, pear, ice-cream............. 


syrup, 


rice, milk, 


potatoes, 


122.1 49 


S.00 a.m 
1.10 p.m. 
7.20 


4 2 h 
55.0 60 
14.2 

90.5 65 
107.1 67 
68 2 

91.0 6 
163.5 56 
708.9 t 


S.00 a.m. 


l 10 p.m 


7.20 
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rABLE XI—Concluded 


Dat Volo . Bef Fer- 
able 
July 26 

7 a.m.- 9 a.m 225 | 0.027 61.2; 34.6 | 0.011 26.6 13.4 
> * =e 52 | 0.183 95.2! 34.9 | 0.116 60.3 63.4 
; ie 1 p.m 84 0.130 109.2; 34.1 | 0.089 75.1 68.8 
Ipm-3 “ 94 0.108 96.8 12.9 | 0.057 53.9 55 .7 
3 - 5 60 | 0.297 178.2; 60.0 | 0.197 | 118.2 66.3 
7) 7 76 | 0.261 198.3 93 0.196 149.0 75 
— 57 | 0.297 169.3 17.3 0.214 22.0 72.0 
» «ae 57 | 0.288 164.2 54.8 0.192 109.4 66.7 
. 7 a.m 500 | 0.091 456.0} 220.5 | 0.047 | 235.5 51.6 
7 a.m.- 7 a.m 1,205 | 0.126 | 1,528.4; 578.4 | 0.078 | 950.0 62.2 


Breakfast: Cantaloupe, sugar, one and one-half rolls, 

karo syrup, milk, krumbles ; 8.00 
Lunch: Two rolls, karo syrup, apple, orange, peach 

strudel, tomato, ice-cream 1.45 p.n 
Supper sread, karo Syrup, potatoes, cream, butter, 


krumbles, milk, sugar, peach pie, ice-cream... . 7.10 


food ingestion on the sugar output is more marked than on the 
previous diets. 

Table XII records experiments with I. N. to test the effect of 
dextrose ingested on an empty stomach. His tolerance for dex- 
trose is much greater than that of KE. O. 20 gm. of dextrose in- 
gested by I. N. on an empty stomach had no effect of any kind on 
the sugar output, and only one of these experiments is included in 
the table. With 50 gm. of dextrose (July 16 and 17, Table XII) 
there is also no appreciable effect on the sugar output or on the 
ratio of unfermentable to fermentable sugar. An increase in the 
dextrose ingestion to 60 gm. (July 18 and 20) is followed by a 
definite rise in the total sugar elimination, and in a sharp fall in 
percentage of unfermentable sugar. The absolute tolerance for 
dextrose on an empty stomach in the case of I. N. lies therefore 
between 50 and 60 gm. The figure would have been fixed more 
exactly, and the question would have been answered as to whether 
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TABLE XII. 

1. N.—Experiments to test the effect of varying amounts of dextros 
ingested on an empty stomach. 6 to 8 a.m. is taken as the control period 
in each experiment. Details of dextrose ingested and subsequent diet 
are given below. 

\ 
Pet, Vi Before Fer 
entatior en 
July 16 
4 6 n S a.m SZ 0.049 40.2 23.1 | 0.020 i. 12.7 
8 10 1S 0.082 39.5 15.5 0.050 24.0 60.8 
10 [2 noon 12 | 0.125 | 52.5 24.5 | 0.066 28 () 2 9 
3 12 noon 2 p.m ay) 0.090 51.4 9.3 0.038 ed 13.1 
4 2 p.m. 6 580 0.072 | 419.3 | 222.7 | 0.033 196.6 165.9 
6 a.m.- 6 a.m S09 0.074 602.9 315.1 | 0.035 | 287.8 17.7 
Julv 17 
6 a.m.- 8 a.m 121 0.0380 36.9 21.3 0.012 15.6 42.3 
S 10 a8 0.068 39.9 22.4 | 0.030 7.3 43 4 
10 ~12 noon 60 0.076 16.1 25.8 | 0.033 20) 14.0 
12 noon- 2 p.m 82 0.055 15.6 29.1 | 0.025 20.5 15.0 
> nm — 6 620 0.072 | 449.5 | 216.4 | 0.037 “8 51.9 
6 \—~ 6am O4] 0.065 | 618.0 311.0 0.032 307.0 19.7 
July 16 
6 a.m. 100 ec. water. 
8 * 100 50 gm. dextrose 
: Breakfast: Roll, butter, egg, milk 10.15 
i Lunch: Two rolls, minster cheese, orange, peac h 2.10 I 
Supper: Bread, butter, cream cheese, onions, milk, 
RATE TI so civ ikee.cis se aiccdvwons 7.20 
July 17 
6 a.m. 100 ec. water. 
gs * 165° i + 50 gm. dextrose. 
Breakfast: Roll, butter, egg, milk 10.00 a.m 


i 
f 
é 


Lunch: Two rolls, Swiss cheese, apple, 


tomato 


Supper: Bread, butter, fried fish, two eggs, milk. 7 A 


orange, butter, 








I) Volun 
July 18 
6 a.m.- S a.m 120 
s “ ~10 : 70 
10 “ ~12 noon 34 
12 noon— 2 p.m 65 
2p.m.— 6 600 
6 a.m 6 a.m.. SSU 
July 19 
6 a.m.~- 8 a.m 126 


a oe 76 


10 “ -12 noon.. 50 
12 noon— 2 p.m. 65 
2 p.m.— 6 650 
6 a.m.- 6 a.m 967 
July 18 

6 a.m. 100 ec. water. 


mh 


Breakfast: Roll, egg, 


g “< 


rABLE XIIlI—Concluded. 


Before Fer- 


fermentation mented 


0.031 37.9 18.9 | 0.015 
0.091 64.1 13.7 0.029 
0.1351 14.5 22.7 | 0.064 
0.068 14.4 22.1 | 0.034 
0.077 165.6 | 281.4 | 0.030 
0.073 | 656.5 | 388.8 | 0.030 
0.030 38 .2 19.5 | 0.014 
0.048 37.1 18.1 | 0.025 
0.099 49.8 24.5 | 0.050 
0.077 50.5 22.0 | 0.043 
0.067 | 440.6 | 161.7 | 0.042 
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I. N. (as FE. O.) shows the first tolerance limit for dextrose on an 
empty stomach in a changed ratio of the two urinary sugars had 
not the Government draft law prevented completion of the experi- 
mental work. Table XIV shows, however, that I. N.may react to 
dextrose exactly as did EK. O., by the changed ratio of the urinary 
sugars. 

Table XIII presents condensed results of experiments with 
I. N. to determine the effect of adding dextrose to a weighed break- 
fast. The breakfast contained no sugar, other than a few gm. of 
lnctose in the milk. August 13 and 15 serve as control periods, 
showing the sugar output after the breakfast eaten at 8 o'clock 
On August 14, 16, and 18, dextrose was taken with the breakfast, 
20 gm. on the I4th, 40 on the 16th, and 60 on the 18th. As 
opposed to the results on an empty stomach, it will be noted that 
even 20 gm. of dextrose with breakfast caused an appreciable 
increase in the total sugar elimination following the breakfast. 
This increase is more marked with 40 gm. of dextrose, and in- 
creases still further with 60 gm. On this latter diet the total 
sugar increase (over the breakfast alone) amounts to more than 
60 mg. accompanied by a marked fall in percentage of the unfer- 
mentable sugar. 20 or 40 gm. of dextrose on an empty stomach 
produced no increased sugar elimination (Table XIT) while 60 gm. 
produced less than half the increase noted in the present experi- 
ment. This result, which parallels closely the similar experiments 
with E. O., serves again to support the view that digestive ac- 
tivity of the pancreas may interfere with its internal function 
to some extent. 

Table XIV presents an experiment on I. N. to determine the 
effect of addition af 25 gm. of dextrose to each meal of a weighed 
diet. The first 3 days serve as controls. The plan of experiment 
is similar to that reported in Table VIII for E. O. In the latter 
experiment the total sugar elimination was more than doubled. 
The increased sugar eliminated was chiefly fermentable, so that 
the percentage of unfermentable sugar fell to a very low figure. 
Table XIV shows the much higher tolerance which I. N. has as 
compared with E. O. The addition of the 25 gm. of dextrose to 
each meal causes no increase in the total sugar elimination. The 
total quantity of sugar put out for the 3 experimental days 
varies only within expected limits from the control period. Never- 
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TABLE XII 
I. N Experiments to test the effect on the urinary sugar output of 
varying qu intities of dextrose added to a weighed breakfast 


Che same breakfast was eaten at 8 a.m. each morning It consisted of 


Bread 4 
Butter 5 
Milk 233 
(One egg 
Aft 1 
Ty re I 
. it Ny 
rr it- 
abl 
Aug. | 
S10 76 0 O74 56.3 31.9 0.032 24.4 43.3 
10-12 R65 0.060 52.1 2? .6 0.034 99.5 56.6 
Aug. 15 
R—10 124 0 046 57.9 32.1 0 020 25.8 1445 
10-12 SO 0.071 57.1 95.3 0.039 30.8 55.6 
Aug. 14 20 gm. dextrose added to breakfast 
g-10 106 0.068 73% 34.3 0.035 37.8 52.5 
10-12 70 0 OS2 57.4 18.5 0.055 33.9 Gi .d 
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10-12 S4 0 O74 6§2 2 29 6 0 O38 32.6 52.4 
Aug. IS OU gm dextrose added to bre kfast 
R10) G4 0.097 91.3 68.9 0.023 22 4 24.5 
10—12 64 0.120 76.8 a .¢ 0 045 29 1 7 9 


theless an effect of the sugar addition to the diet 1s perfectly ap- 
parent, in that both absolute quantity and percentage of the 
unfermentable sugar are markedly decreased. This effect is only 
slightly apparent on the Ist day, but the 2 following days 
leave no room for question. This result exactly duplicates that 
for E. O. reported in Table V, but in the latter case the changed 
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of glucose on an empty stomach. The limit of tolerance to dex- 
trose is widely different in these two subjects, yet when we reach 
the border-line effect of the sugar in either one this effeet becomes 
first apparent in a change in the nature of at least a portion of the 
sugar eliminated. 


DISCUSSION. 


Tolerance.—The method of determining tolerance for carbo- 
hydrate which has been practically universally employed is t 
feed or inject the sugar to be studied and then test the urine fo 
sugar at indefinite periods by one of the qualitative copper r 
agents. When a qualitative reaction is observed the limit of 
tolerance is said to have been reached. The fundamental in- 
accuracies of such a procedure are obvious. 

When used to test a pure sugar solution, Fehling’s reagent will 
give a distinetly recognizable reaction with 0.001 per cent of dex- 
trose. Yet with ordinary urines, Fehling’s solution frequently 
fails to give a definite reaction with 0.1 per cent of dextrose present. 
Thus where Fehling’s solution is entployed, it requires about 100 
times as much sugar to give a positive reaction in urine as in pure 
solution. With the Benedict copper test the discrepancy is much 
less, but is always considerable. The factors lessening the deli- 
eacy of the copper tests for sugar in urine are probably numerous. 
Two of these can be mentioned specifically; viz., creatinine and 
urea. The former holds cuprous oxide in solution directly, the 
latter indirectly, through continuous production of traces of am- 
monia during the heating. Creatinine is the chief interfering 
substance but urea contributes to some extent to decrease the 
delicacy of the copper tests when applied to urine. It is plain 
then that simple variations in the coneentration of the interfering 
substances may lead to erroneous results when testing carbo- 
hydrate tolerance by direct qualitative copper tests. Sugar may 
Inerease veryv appreciably in urine before being detected by such 
a method. 

We have shown in this and the preceding paper that urine con- 
stantly contains sugar, and that this sugar may undergo variations 
as wide as 100 per cent or more in absolute amount per hour, and 
in percentage in the urine. Most of these variations would wholly 


escape detection by qualitative methods. 
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The common idea that glycosuria is a sudden phenomenon, 
indicated by the appearance of a positive sugar test by a copper 
reagent must be wholly discarded. Sugar elimination takes 
place continuously through the urine, and an accurate measure 
of the influence of any substance on sugar excretion can be de- 
termined only by a quantitative determination of the sugar con- 
tent of the urine for a period of at least 2 hours before and after 
administration of the substance to be tested. The relationship 
to food ingestion must be kept constant during such an experi- 
ment. The periods for examination of the urine should not be 
much longer than 2 hours, or a significant sugar increase may be 
lost in the normal fluctuation for a longer time (cf. Myers"). Thus 
an increase of 15 mg. produced in the sugar eliminated for the first 
2 hours would usually be definitely positive, while the same absolute 
increase in the urine of 5 or 6 hours might warrant no conclusion. 
Since the effect on the sugar excretion may extend over only a 
short period of time, the accurate detection of such an effect may 
well depend upon examination of the urine for the corresponding 
period. Volume of urine and qualitative tests are of little signi- 
ficance; the real criterion is absolute quantity of sugar eliminated 
per hour. For the very closest study of effect on sugar elimination 
a further refinement of technique is necessary. The point will be 
discussed below. 

Our studies on both man and the dog have shown that there is 
no absolute tolerance for carbohydrate in either of these species 
except during the fasting state. We shall report in detail upon 
sugar tolerance in the dog in a later paper. 

In man there is apparently a real tolerance for glucose and for 
cane sugar, during fasting. This tolerance is much lower than is 
generally supposed, and varies widely with different individuals. 
One of our subjects showed an effect of 20 gm. of dextrose on an 
empty stomach, the other showed the first effect after ingesting 
60 gm. of dextrose on an empty stomach. From present limited 
studies of other individuals, we are inclined to look upon 50 gm. 
of glucose as about the upper limit of absolute tolerance in normal 
human adults. This tolerance may be manifest only during fast- 
ing. Feeding with either meat or a carbohydrate diet causes an 
increase in the sugar elimination. 
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Glycosuria.—Progress in the study of carbohydrate metabolism 
will probably be more rapid if the term “glycosuria’’ can be 
abolished. This word was not created by the mind of man, but 
by the inefficiency of the copper tests. Glycosuria implies a 
sudden point at which sugar appears in the urine. Since there 
is no such point, the term glycosuria is without special significance 
and is misleading. 

A term is needed which includes both the constant presence of 
sugar in normal urine, and an excess of sugar elimination above 
the normal. Such a term would serve as a reminder to the 
student of the subject that the normal urine contains sugar, that 
this sugar is subject to change through various influences, and 
that it is worthy of some attention. Possibly ‘‘glycuresis’’™ 
would be a satisfactory term, as indicating zncrease of sugar, not 
a new appearance of sugar, in the urine. The word is unobjec- 
tionable from the point of view of derivation. It lenyds itself 
readily to the formation of derivatives; e.g., glycuretics, substances 
which increase sugar in the urine (phlorhizin, adrenalin, ete.). 
A simple term for this class of substances has hitherto been 
wanting. 

As a matter of convenience we shall adopt the term glycuresis 
in the sueceeding portions of this paper. It signifies an increase 
in the urinary sugar elimination above that of the control period. 
By increase we never refer to increase of percentage of sugar in the 
urine (except when so specified) but to increase in the absolute 
elimination of sugar per hour. 

Influence of Food.—Careful investigations on the influence of food 
ingestion on the urinary sugar elimination have not hitherto been 
reported. Schondorff® stated that increase of carbohydrate in 
the diet increased the percentage of sugar in the urine, but did not 
investigate the question in greater detail. Our results show 
a definite glycuresis for both man and dog following the ingestion 
of food, even when such food is wholly free from sugar. As 
previously mentioned, this finding supports the view that the 
internal function of the pancreas suffers during the exercise of its 
digestive function. Cohnheim and Klee!’ reached a similar con- 


4 “Glucuresis’’ might seem preferable to some. 
'® Cohnheim, O., and Klee, P., Z. physiol. Chem., 1912, Ixxviii, 464. 
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clusion through work with dogs havinga pancreatic fistula. These 
authors reported that foods producing the least flow of pancreatic 
juice have least tendency to cause sugar elimination. They found 
that oat meal produces least flow of pancreatic juice, and adopt 
the above view in explanation of the results with the so ealled ‘‘oat 
cure” in diabetes. Allen tends to accept the same view. 

The fact that foods, even when free from any sugar, cause marked 
glycuresis must serve to emphasize the narrow margin of absolute 
sugar tolerance even in the normal individual. <A certain portion 
of the sugar from starch or even from meat taken at each meal is 
waste sugar. This is not due to simple leakage through the 
kidney. The glycuresis is independent of urinary volume and 
follows a definite course, reaching a minimum during the fasting 
hours. Carbohydrate stands apart from other foodstuffs in 
that the normal organism fails to utilize it completely even in 
physiological quantities. The unique disease, diabetes, springs 
from seed ever present in the normal organism."® 

The Assimilation Limit for Dextrose-—Results on both of our 
subjects have shown that the assimilation limit for dextrose is 
not identical with the threshold of glycuresis. The first detect- 
able effect of dextrose ingestion may be a changed ratio of fer- 
mentable to unfermentable sugar in the urine, even where the 
absolute amount of total sugar eliminated is not increased. 

We feel that it would not be profitable at the present time 
to attempt any theoretical discussion of the questions involved 
in this finding. Further data are necessary on the behavior of 
the two sugars, including studies on the influence of starch as 
compared with sugar, and the behavior of the non-fermentable 
sugar in various forms of glycuresis, including severe diabetes. 


1° Tt is correct to say that the normal organism is truly diabetic, if we 
accept the common view of diabetes as a disease in which there is partial 
or complete failure in utilization of carbohydrate. Allen’s criteria of 
diabetes are: (1) that dextrose in the normal individual behaves as an 
antidiuretic while in the diabetic it acts as a diuretic, and (2) that in the 
non-diabetic organism (even where there is glycuresis (glycosuria)) the 
more dextrose that is given, the greater will be the absolute quantity util- 
ized. Since neither of these criteria hold in mild cases of diabetes mellitus, 
or in partially depancreatized dogs, the definition cannot be accepted 
except for ‘‘complete’’ diabetes; i.e., where there is practically no utiliza- 


tion of sugar whatever. 
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We shall therefore reserve any discussion for future communi- 
cations. 

Dextrose in Its Relation to Glycuresis.—There has been much 
discussion of the possible etiological relationship of sugar ingestion 
to diabetes, but definite conclusions have not been reached. We 
feel that some of the data in the present paper may bear on the 
question. It will be noted that in EK. O. (Table V) 20 gm. of 
dextrose on an empty stomach cause no glycuresis whatever. 
Yet the same quantity of dextrose added to a weighed breakfast 
(Table VI) increases the sugar output by over 250 mg. 

The 2 last experimental days reported in Table VIII appear to 
represent a real breakdown in carbohydrate metabolism. Yet 
these days differ from the 3 preceding only in the addition of 
25 gm. of dextrose to each meal. The effect of this simple addi- 
tion of dextrose to the meals is so marked that the subject (who 
was analyzing his own urine) preferred not to continue the 
experiment through the 3rd day. Indeed the picture in Table 
VIII is such that no one would probably feel justified in urging 
any prolonged continuation of the experiment. I. N. had a much 
higher tolerance than E. O., but Table XIII shows that 20 gm. of 
dextrose added to breakfast caused glycuresis, while 20 or even 
40 gm. on an empty stomach have no such effect. 

A further subject, not reported in detail in the present paper, 
is of interest in this connection. He is a young medical student 
of vigorous appearance, with a family history of diabetes. One 
grandparent died of the disease, and both parents showed traces 
of sugar at life insurance examination, but neither has developed 
diabetes. This subject upon an ordinary mixed diet showed usu- 
ally a sugar elimination considerably under 1 gm. per day, but 
upon occasional days this elimination was increased to 2 gm. and 
over. When traced out it was found that these sugar outpourings 
occurred on days when apple cake was eaten. A sample of the 
cake was secured and analyzed. It contained over 12 per cent 
reducing sugar which was nearly all fermentable and which was 
presumably commercial dextrose. 

Thus our results seem to show unmistakably that dextrose 
taken with a meal may constitute a strain on the carbohydrate 
function. Even in a strictly normal individual, as FE. O., the 
strain may be so clear cut as to warrant caution in the use of 
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dextrose with meals. The rapid absorption of dextrose into the 
blood stream during digestion may apparently overthrow the 
carbohydrate balance in man in remarkable fashion. There 
is no evidence that such effect would be permanent even if long 
continued, but we scarcely care to attempt such an experiment 

Some Clinical and Therapeutic Considerations.—Although our 
work has been carried out wholly on normal individuals, there 
are certain aspects which may be of clinical or therapeutic interest. 
With the exception of the first point mentioned below, they are 
cited as chiefly, if not wholly, of theoretic interest at the present 
time. 

In attempting to diagnose or treat the early stages of lowered 
sugar tolerance the clinician has had very definite difficulties. 
He has had to rely wholly upon qualitative tests which necessarily 
fail to afford definite data on the question he is studying. The 
results by such technique upon individual samples of urine may 
be entirely misleading, and may fail to demonstrate any abnor- 
mality in a 24 hour sample of urine, though such urine may 
contain 50 per cent more sugar than it should. 

The question can now be at least placed upon a more definite 
basis. Where there is any suspicion of an abnormally low sugar 
tolerance an occasional analysis should be made of the 24 hour 
sample of urine (on the ordinary diet) by the method detailed in 
the first of the accompanying papers. If the total sugar elimina- 
tion amounts to more than 1.5 gm. per day the diet should be 
altered until this figure is reached as the upper limit. Further 
work may lead to revision of the figure 1.5 as maximal for an 
ordinary diet in an adult, but we feel reasonably sure that if such 
revision comes it will be downward. 

Our results have shown an increased sugar elimination following 
each meal, irrespective of the nature of the food eaten. Mere 
digestion and absorption of food lead to glycuresis. This finding 
naturally suggests that the diabetic might profitably eat his total 
food intake in one or in two meals instead of the ordinary three. 
Whether improved assimilation would repay such a trial is prob- 
lematical. We freely admit that further work is necessary to give 
the point sound theoretical basis. 

It was pointed out earlier in this paper that ingestion of a small 
quantity (20 gm.) of dextrose in 100 ec. of water before breakfast 
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was frequently followed by definite diminution in the glycuresis 
following the ensuing meal. It was also suggested that such an 
effect might be due to mild stimulation of the internal pancreatic 
function. If such is the case, the point might be of therapeutic 
interest, and is very easy of application. 5, 10, or 20 gm. of dex- 
trose would probably be the right amount for preliminary trial, 
given 2 hours before the meal. An exact determination of the 
urinary sugar for 2 hours following the same meal with and 
without previous ingestion of dextrose would be needed to de- 
termine the effect. That such quantities of dextrose can be given 
diabetics without harm is shown by the work of Klemperer,’’ 
who fed severe diabeties (on restricted diet) with 100 to 150 gm. 
of pure dextrose in divided doses throughout the day, and reported 
good utilization of the sugar in several cases. 


17 Klemperer, G., Therap. Gegenwart, 1911, lii, 447. 





